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THE PROBLEM OF DEVELOPMENT.* 


Tue selection of such a subject as the 
problem of development for a general ad- 
dress to this academy as a whole suggests 
a word of explanation. Within the 
privacy of our sectional meetings we are 
permitted to dig and delve as much as we 
please among the dry bones of specializa- 
tion; but on this occasion a righteous tradi- 
tion imposes upon the president the duty 
of. laying aside his special tools in order to 
address the whole scientific body over 
which he has for a time had the honor to 
preside. In offering a brief general dis- 


* Annual address of the president, New York 
Academy of Sciences, December 19, 1904. The 
critical reader will, I hope, be willing to bear in 
mind the conditions under which this address was 
delivered. My endeavor was to convey to a scien- 
tifie body, composed only in part of biologists, 
some individual impressions of a student of em- 
bryology and cytology regarding the genera] bear- 
ings of recent researches in his special field. It 
was not consistent with this purpose to give a 
critical résumé for biologists, nor could author- 
ities be cited in detail. The general conception 
here developed will recall certain views contained 
in Driesch’s ‘ Analytische Theorie der organischen 
Entwicklung,’ published in 1894 (themselves 
traceable to earlier conclusions of de Vries), but 
afterwards rejected by him in favor of an explicit 
theory of vitalism. The rediscovery of Mendelian 
inheritance, the newly produced evidence, on the 
one hand, of morphological and _ physiological 
diversity among the chromosomes; on the other, 
of protoplasmic prelocalization in the egg, have, 
however, placed the whole problem in a new light. 
I wish to acknowledge my indebtedness to Pro- 
fessor Whitman’s fine essays on the questions that 
center in Bonnet’s doctrines, published in the 
*Wood’s Hole Biological Lectures,’ for 1893, which 
suggested the quotation from Huxley. 
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eussion of some latter day problems of em- 
bryology and eytology I shall endeavor not 
to violate the spirit of this tradition. The 
task is not an easy one, owing to the eom- 
plexity of the data and their strangeness 
to those who have not closely followed the 
details of modern biological work; yet I 
am eneouraged to make the attempt by the 
belief that the problem of development be- 
longs to those larger scientifie questions 
that are of enduring interest to all students 
of nature. It is only fair to point out, 
however, that a consideration of recent ad- 
vances in this subject necessarily and 
speedily leads us into a region that les 
remote from everyday experience, sur- 
rounded by arid wastes of technical de- 
tail, and inhabited by folk who speak an 
uncouth foreign tongue. With the best 
of intentions, therefore, the native guide 
and interpreter has need of some forbear- 
ance on the part both of his countrymen 
and of the outlanders whom he attempts 
to lead. 

I need not dwell on the absorbing, almost 
tantalizing, interest with which the prob- 
lem of development has held the attention 
of naturalists from the earliest times. 
Twenty centuries and more have passed 
since Aristotle first endeavored to trace 
something like a rough outline of its solu- 
tion. The enormous advances of our 
knowledge during this long period have 
taken away nothing of the interest or fresh- 
ness of the problem; they have left it, in- 
deed, hardly less mysterious than when the 
father of science wrote the first treatise on 
generation. I will not dwell on the epoch- 
making work of Harvey, Wolff and von 
Baer, or the curious, almost grotesque con- 
troversies of the eighteenth century, when 
embryology invaded the field of philosophy 
and even of theology. I will only point out 
that even at that time, when embryology 
was almost wholly limited to the study of 
the hen’s egg, embryologists were already 
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occupied with two fundamental questions, 
which still remain in their essence with- 
out adequate answer, and though metamor- 
phesed by the refinements of more modern 
observation and experiment still stand in 
the foreground of scientific discussion. 
The first of these is the question of pre- 
formation versus epigenesis—whether the 
embryo exists preformed or predelineated 
in the egg from the beginning or whether 
it is formed anew, step by step, in each 
generation. The second question is that of 
mechanism versus vitalism—whether de- 
velopment is capable of a mechanical or 
physico-chemical explanation, or whether 
it involves speeifie vital factors that are 
without analogy in the non-living world. 
It is especially to some modern aspects of 
these two questions that I invite your at- 
tention; and I shall also consider brietiy 
their relation to recent conclusions affect- 
ing our theories of heredity and evolution. 

Let us first seek to define more clearly the 
meaning of our terms. The embryologists 
of the pre-Darwinian period, unhampered 
by historical conundrums, fixed their atten- 
tion on the single objective problem of the 
nature of the germ and its mode of develop- 
ment. The hen’s egg contains something 
which, though not visibly a bird or even 
an embryo, will when maintained at a tem- 
perature of about 37° C. for 21 days cause 
a living chick to step forth from the shell. 
What is that something and what manner 
of machinery (if machinery it be) is set 
in motion to work such a marvel? The 
early embryologists found no real answer 
to this question. They determined the fact 
that at the beginning the egg contains 
nothing even remotely resembling a bird; 
that as early as the second day a rudely 
fashioned embryo is visible in the egg; and 
that day by day, as the incubation proceeds, 
this embryo becomes more complex. The 
bird appears to be progressively created out 
of something that is without form and void 
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of visible structure. Its development, 
said Harvey and Wolff, is essentially a pro- 
cess of ‘epigenesis’—a successive formation 
and addition of new parts not previously 
existent as such in the egg. This eonelu- 
sion, roughly outlined by Aristotle, was 
apparently established on an irrefragable 
basis of observation, long afterwards, by 
{larvey and Wolff. In its superficial as- 
pects the doctrine of epigenesis is no more 
than a statement of universally admitted 
fact. When followed to its logical end, 
however, this conception has failed, and 
will always eontinue to fail, to satisfy the 
mind; and some of the most acute of 
modern embryologists have expressed the 
opinion that no thoroughgoing hypothesis 
of epigenesis can be so framed as to be 
logieal, or even conceivableS® Even in the 
eighteenth century this doctrine was met 
by the opposing one of preforrsation and 
Advocated by such men as 
Malpighi, Haller and Leibnitz, this con- 
ception underwent its fullest development 
in the hands of the eminent Swiss natural- 
ist Bonnet. Developed with great logical 
acuteness and set forth with captivating 
literary skill, Bonnet’s theory was based on 
the fundamental assumption that the em- 
bryo, though invisible, really exists pre- 
formed in the egg before development be- 
gins. The preformed germ was not con- 
ceived to be an exact miniature model of 
the adult. On the contrary, Bonnet 
thought of the germ of the fowl, for ex- 
ample, as differing widely in form and pro- 
portions from an actual bird, still the 
original preformation was assumed to be 
composed of parts that correspond, each 
for each, to the parts of the chick. De- 
velopment, accordingly, was conceived to be 
only the unfolding and transformation of 
a preexisting structure, not the successive 
formation of new parts—a process of ‘evo- 
lution,’ not of epigenesis. In this partic- 
ar form the doctrine of preformation was 
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conclusively overthrown by Wolff; but the 
prineiple underlying it has repeatedly and 
persistently reappeared in later specula- 
tions on development, and still contests the 
field of discussion with its early antagonist. 

Hand in hand with this controversy has 
gone one of still more general scope be- 
tween the two opposing conceptions that 
I have referred to as mechanism and vital- 
ism. Is development at bottom a mechan- 
ical process? Is the egg a kind of com- 
plex machine, wound up like a piece of 
clockwork, and does development go for- 
ward like the action of an automaton, an 
inevitable consequence of its mode of con- 
struction? Or, on the other hand, does de- 
velopment involve the operation of specific 
vital entelechies or powers that are without 
analogue in the automaton and are not in- 
herent in any primary material configura- 
tion of the egg? This question, I hardly 
need say, is included in the larger one, 
whether the vital processes as a whole are 
or are not capable of mechanical explana- 
tion. As a problem of embryology it is 
very closely connected with that of prefor- 
mation or epigenesis, and in point of fact 
the two have always been closely associated. 
Evidently, by its very form of statement, 
any theory of preformation or prelocaliza- 
tion in the germ assumes at least a mechan- 
ical basis for development, 7. ¢., a primary 
material configuration upon which the 
form of development in some measure de- 
pends. With theories of epigenesis the 
ease is not so clear; for such theories may 
or may not be mechanical. Without fur- 
ther preamble I now ask your attention to 
certain facts which will place clearly before 
us the form in which these time-honored 
problems appear to us to-day. 

It is a familiar fact that development 
begins with the progressive segmentation 
or division of the egg into cells, which, con- 
tinually increasing in number, finally build 
up the body of the embryo. Until com- 
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paratively recently it was not suspected 
that the cells thus formed in the earliest 
stages had any constant and definite rela- 
tion to the parts of the future body. The 
fact has how been established, however, 
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instance, the first cleavage-furrow passes 
pretty accurately through the future me- 
dian plane of the body, and the two cells 
thus formed give rise respectively to the 
right and left sides of the embryo. In a 


Fic. 1.—Development of entire eggs and of isolated blastomeres of two-cell stage. A, 
Dentalium; at the left, development of the whole egg; at the right, development of the iso- 
lated first two cells, producing two defective larve. B, Amphiorus; the corresponding ex- 
periment, isolated cells producing two perfect dwarfs. 


that in a large number of forms (though 
apparently not in all) such a definite rela- 
tion exists, both the form of division and 
the prospective values of the cells being 
constant. In the egg of the ascidian, for 


snail’s egg the relation is a different one, 
but is no less definite and constant; in the 
four-cell stage, for instance, the material 
that will produce the shell and foot is lo- 
eated, mainly at least, in one of the four 
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cells. Again, in a worm’s egg, after its 
segmentation into sixteen or more cells, we 
know very exactly how the materials for 
the head, the segmented trunk-region, the 
digestive tract, the muscles and the ganglia, 
are distributed among these cells. In all 
such cases the embryo seems comparable to 
a piece of mosaic-work, each cell apparently 
having its own inherent particular char- 
acter, and its own specifie rdle to play. 

These faets place very conspicuously be- 
fore us a modern form of the problem of 
preformation which we may conveniently 
eall the problem of ‘germinal prelocaliza- 
‘ion.’ Does this mosaie-like character of 
the early embryo mean that the cells are in- 
herently different? Are they in any de- 
cree individually predestined for their fu- 
ture development; and if such be the ease, 
can this predestination be traced back to 
protoplasmie regions in the egg before it 
has divided into cells? In other words, 
does the egg, or does it not, contain pre- 
localized, predetermined areas that have 
any necessary or causal relation to the parts 
of the future embryo? This is the first 
guise in which the old question of prefor- 
mation presents itself to us to-day. I ask 
you to glanee at the results of a few very 
simple experiments designed to test this 
question. They will give apparently quite 
contradictory results. 

Experiments on the eggs of certain ani- 
mals, such as etenophores or mollusks, 
seem to give an unequivocal answer to our 
questions. If, for example, the cells of 
the segmenting egg of the mollusk Den- 
falium or Patella be separated from one 
another, at the two-cell stage or any later 
period, they continue to develop and pro- 
duce living, actively swimming structures; 
but these creatures are not completely 
formed whole embryos, but monsters that 
in many respects resemble pieces of a single 
embryo (Fig. 1, A). It is true that the 
wounds usually elose and heal; but these 
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structures, nevertheless, remain monstrous 
and defective, and if they are carefully 
studied it is found that only when taken 
collectively can they be said to constitute 
a single whole embryo. The cells are thus 
proved to be in some measure inherently 
different, and to this extent the cell-mosaic 
is shown to be a real mosaic. If we now 
extend our. operation to the undivided egg, 
a result in harmony with this is reached. 
If certain portions of the egg of Dentalium 
be artificially cut off, the remaining por- 
tion, upon fertilization, regularly gives rise 
to a defective and monstrous creature that 
is not a whole embryo, but resembles a piece 
or fragment of an embryo. It is evident 
that this experiment seems to show pretty 
clearly that even before the egg has begun 
to divide into cells the parts of the future 
embryo are in some measure definitely pre- 
localized and predetermined in its different 
protoplasmic regions; and evidently, if 
this be the ease, we seem further to have 
good ground for the mechanistic assump- 
tion that the undivided egg contains some 
kind of structural or material configura- 
tion upon which the character of the de- 
velopment depends. 

But let us not on this account too hastily 
accept a theory of preformation or pre- 
localization. Let us first look at the re- 
sults of an exactly similar experiment per- 
formed on the egg of certain other species 
of animals, for example, Amphiorus, a sea- 
urchin, or a nemertine worm. Separate 
here the first two or four cells, and each 
develops, not into an abortive monster, but 
into a perfectly formed though dwarf larva 
(Fig. 1, B). Thus it is possible to pro- 
duce from a single egg from one to four 
perfect animals; and in case of certain spe- 
cies (hydromeduse) it is theoretically pos- 
sible by a similar method to produce from 
a single egg as many as eight or even six- 
teen perfect dwarfs. Again, in some of 
these cases, for instance in the nemertine, 
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the undivided egg may be eut to pieces in 
any planes taken at random; yet every 
piece, if of sufficient size, may upon fertil- 
ization develop as if it were a whole egg 
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velopment, if we hold such a theory? 
Neither the cells nor the regions of the egg 
seem to have any predestination such as is 
shown in the mollusean egg. It is the es- 
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and produce a perfect dwarf. Here is an 
astounding contrast to the results of our 
first experiment. What becomes of our 
theories of prelocalization here, and what 
becomes of our mechanical theory of de- 
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Fic. 2.—Diagram of protoplasmic zones and their distribution at the first cleavage in dif- 
ferent forms. A, immature egg, assumed to have no definite segregation of protoplasmic 
stuffs. B, mature egg, with protoplasmic zones of horizontal stratification. C, first cleavage, 
division of the chromosomes. D, EF, F, different types of two-cell stage. D, Dentalium type 
the lower zone isolated in one cell. EH, Amphiowus, nemertine, or echinoderm type; equal 
division of the zones. /’, hypothetical type with complete separation of two zones at the first 


sence of a machine or automaton that its 
operation is due to its structural configura- 
tion. Impair or destroy that configuration 
and the action ceases. But from these eggs 
we may take away any of the parts, or the 
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whole may be eut to pieces, yet there is no 
impairment of action, but only a readjust- 
ment to form smaller systems like the orig- 
inal whole. The egg, therefore, says the 
vitalist, can not be an automaton and its 
development is inexplicable upon a me- 
chanical theory. 

Such is the paradoxical result to which 
a superficial comparison of these two cases 
leads us—a kind of embryological anti- 
nomy, as it were, which at first sight may 
seem to take away all hope of finding law 
or order in these phenomena. I will un- 
dertake to show you speedily that the ap- 
parent contradiction is easily explicable. 
I have placed the two cases side by side 
because each seems to demonstrate the truth 
of one side of an ancient embryological 
controversy; and we shall presently find 
reason for the conclusion that each of the 
opponents, like the two knights and the 
shield, have reeognized but a part of the 
truth. 

The probable explanation of the differ- 
ence of the behavior between the eggs of 
Dentalium and of Amphiorus is a very 
simple one. When we elosely study eggs 
of this type we find that they do not con- 
sist of homogeneous protoplavm, but. of 
different kinds of protoplasmic materials 
or stuffs that are at the outset arranged, 
roughly speaking, in horizontal bands or 
strata, as indicated in the diagram (Fig. 2, 
Bb), where the number of strata is arbi- 
trarily assumed to be four. Now, an ex- 
amination of the manner in which the egg 
divides gives strong reason for the conclu- 
sion that in such forms as Amphioxus the 
first division bisects these stuffs, so that 
each of the first two cells receives one half 
of each stratum (Fig. 2, C, FE). In the 
egg of Dentalium, on the other hand, this 
is demonstrably not the ease, for the lower 
stratum passes over bodily into one of the 
cells and is quite excluded from the other 
(Fig. 2, D). The symmetrical division in 
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Amphioxus, the sea-urchin, or the nemer- 
tine, gives the immediate possibility of pro- 
ducing two smaller systems similar to each 
other and to the whole egg. The symmet- 
rical or qualitative division in Dentaliuwm, 
on the other hand, does not give such an 
immediate possibility, for it produces two 
different systems neither of which is iden- 
tical with that of the entire egg. It is 
highly probable that we find here a proxi- 
mate explanation of the fact that each of 
the two cells in Amphioxus may produce a 
perfect dwarf, while in Dentalium neither 
produces such a larva. Facts like these 
are leading us to the conclusion that the 
immediate determining causes of develop- 
ment are to be sought in specific proto- 
plasmic stuffs, or organ-forming materials, 
that are distributed to the cells in a definite 
way during division. These materials, defi- 
nitely arranged, are sometimes plainly vis- 
ible in the undivided egg. I have, for in- 
stance, been able to show that the egg of 
Dentalium contains an area of protoplasm 
at the lower pole that has a causal connec- 
tion with the formation of the foot and 
shell, and probably also of the principal 
part of the mesoblast structures; for if 
this area be cut off from the unsegmented 
egg the resulting embryo regularly lacks 
these structures. In like manner, Pro- 
fessor Conklin has recently been able to 
recognize in the protoplasm of the unseg- 
mented egg of a species of ascidian the 
material of the future tail-muscles of the 
larva; and though no necessary connection 
between this material and the muscles has 
thus far been experimentally proved, my 
experiments on Dentaliwm leave by analogy 
little doubt that such a causal connection 
exists. We do not in the least know how 
these protoplasmic stuffs or materials act. 
We can hardly imagine how it is that one 
kind of stuff involves the development of 
muscles, others that of nerves, ciliated cells, 
or shell-secreting cells. We may guess that 
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these stuffs may be analogous to the so- 
called internal secretions, formed in the 
adult organism by such organs as the thy- 
roid or the sexual glands, which are known 
to produce quite specific morphological ef- 
fects on the body. A second guess is that 
the formative stuffs may be related to the 
soluble ferments or enzymes, which in other 
ways play so great a role in the economy 
of plants and animals. 

But, aside from this question, the evi- 
dence is steadily increasing, I think, that 
such stuffs exist, that they have a definite 
arrangement in the egg, and that in eases 
where the form of cleavage is constant 
they are distributed in a definite way to 
the cells into which the egg splits up. 
The cleavage-mosaic is accordingly to be 
conceived as an actual mosaic of different 
materials that are somehow causally con- 
nected with the development of particular 
parts. When these materials are equally 
distributed by the earlier divisions, as in 
Amphiorus, each of the resulting cells 
may upon isolation produce a_ perfect 
larva; when they are unequally distributed, 
as in Dentalium, the cells are no longer 
equivalent, and upon being isolated pro- 
duce the structures corresponding to the 
particular stuffs allotted to them.* These 
facts will presently bring us to our first 
general conclusion. First, if the proto- 
plasm contain such stuffs, grouped and dis- 
tributed in a definite way, to just this ex- 
tent may development receive a mechanical 
interpretation—that is, be conceived as the 
result of an antecedent material configura- 
tion in the egg-protoplasm. We have as 


*It will appear in the sequel that even in the 
latter case the potentiality of producing a com- 
plete embryo may still be present in the nucleus. 
It is important to distinguish between such 
primary or original nuclear potentiality, which 
may be common to all the cells, and the secondary 
or immediate potentiality determined by proto- 
plasmic specification. The relation between these 
is still an unsolved problem. 
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yet no very distinet idea regarding the de- 
gree of complexity of this initial proto- 
plasmie configuration, though there ‘are 
facts that indicate that it may not be very 
great, v. e., that the preloealization is of a 
somewhat general character. This question 
appears, however, to be of relatively minor 
importance in view of an additional eon- 
clusion given by detailed studies on the 
formation, maturation and early develop- 
ment of the egg. These studies leave no 
doubt that the grouping of materials ob- 
served at the time the egg begins its process 
of division is not, in some eases at least, a 
primary or original one, but is of secondary 
origin. They indicate further that early 
in the development the egg contains only 
a few of these specifie stuffs, at the very 
beginning possibly none, and that as devel- 
opment goes forward new stuffs are pro- 
gressively formed and distributed. Now, if 
this conclusion is well founded, the actual! 
progressive development of the protoplasm 
must be conceived as a process of epigen- 
esis, not of preformation and evolution. 
This is the first general result that I desire 
to emphasize; and it is in harmony with 
the fact, on which all embryologists have 
been agreed, since the time of Wolff, that 
in its obvous features development is by 
the formation and addition of new parts 
not previously existent as such in the egg. 
The embryo is not actually preformed or 
even predelineated in the protoplasm from 
the beginning. The protoplasmic stuffs 
appear to be only the immediate means or 
efficient causes of differentiation; and we 
have still to seek its primary determina- 
tion in causes that lie more deeply. We 
are thus led to a brief consideration of the 
question of the physical basis of heredity. 
which will direct our attention to an ele- 
ment that has hitherto been disregarded. 
namely, the nucleus, and bring us to # 
second general result. 

x It was long since suggested by Niige!! 
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that there is a particular substance or 
‘idioplasm’ peculiar to each species of 
plant or animal that is transmitted in the 
oerm-cells and has the power to determine 
the development of the egg according to its 
nature. Later research has given very 
strong reason to aecept this view in prin- 
ciple, and for the further conclusion that 
this physieal basis is represented by a 
substance contained within the nucleus and 
known to eytologists as ‘chromatin.’ Pass- 
ing over the cogent, and I believe steadily 
accumulating, evidence on which this con- 
-lusion rests, let us ask how the idioplasm 
is to be coneeived. Some of those who have 
accepted the general conception of the idio- 
plasm have endeavored to think of it as a 
very complex but still single and homo- 
veneous substanee—the frog’s egg, for ex- 
ample, might be conceived as containing 
a frog-determining substance, the human 
verm a man-determining substance, and so 
on. The most recent researches are, how- 
ever, continually strengthening the ground 
for a quite different conception, indicating 
that the chromatin does not operate as a 
simple substance, but is built into a com- 
plex fabrie having a definite architecture. 
We are not here concerned with the par- 
ticular form of this eoneeption developed 
by Weismann in his well-known work on 
the Germ-plasm, and elsewhere. I am re- 
ferring to more recent results of observa- 
tion and experiment which are giving new 
and more conerete evidence that the nu- 
cleus possesses a complex organization, and 
apparently one that must be conceived as a 
kind of primary or original preformation, 
which bears a certain analogy to that as- 
sumed by Bonnet, though quite distinct 
from it. 

We may perhaps most readily approach 
the grounds for this conclusion by econsid- 
ering, first, an example of the indirect evi- 
denee drawn from recent experiments on 
inheritanee. I give a single’ example, 


SCIENCE. 289 


typical of a large number of known eases, 


of the heredity of single or unit characters 
in the so-called Mendelian inheritance. If 
pure gray mice be crossed with pure white 
albino forms, the hybrid offspring are all 
gray without visible trace of white. But 
if these gray hybrids be now paired with 
each other, both parents being gray, ap- 
proximately 25 per cent. of their progeny 
are pure white without a trace of gray, and 
they continue to produce pure white off- 
spring thereafter. Many similar cases are 
known, the same proportion of approxi- 
mately 25 per cent. of the ‘recessive’ char- 
acter in the third generation holding true, 
sometimes with great precision. What 
does this prove? First, that the white 
character is not really absent in the gray 
hybrids but only masked or concealed—‘ re- 
cessive,’ in Mendel’s terminology ; secondly, 
that the latent white character may in 
the following generation be completely dis- 
entangled or extracted from the gray; 
thirdly; since the proportion is definite, that 
the extraction takes place by means of some 
definite mechanism. We are at present, 
I think, unable to imagine an explanation 
of these truly astonishing facts save by the 
assumption that the gray and white char- 
acters are borne in the egg by correspond- 
ing discrete bodies or entities of some kind, 
that may be mixed and unmixed without 
fusion, shuffled and unshuffled like cards in 
a pack. The evidence is so far wholly in- 
direct, though I think none the less cogent. 
But now, bearing in mind that the case of 
the gray and white mice is but a single 
example of a widespread phenomenon, let 
us ask whether we can actually find any 
definite structures in the egg, and particu- 
larly in the nucleus, that may be assumed 
to represent such entities. One of the most 
significant and remarkable discoveries of 
modern biology is the fact that such enti- 
ties exist, though it is important not to 
forget that their significance in heredity is 
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Fic. 3.—Relations of the chromosomes; formation and distribution of protoplasmic stuffs in 
later stages. A, union of the germ nuclei (each assumed to have four chromosomes). B, C, 
division of the chromosomes, with equal distribution of the paternal (¢) and maternal (92) 
products. D, scheme of nucleus at any later stage, with four paternal and four maternal 
chromosomes (corresponding or homologous chromosomes connected by dotted lines). J£, 
actual outline (after Mead) of egg of Amphitrite consisting of upwards of 64 cells (nuclei 
schematized). Entoblast-cells unshaded, primary mesoblast cross-hatched, trochoblasts 
(ciliated cells) dotted, cells of ventral plate (ventral nervous system, etc.) black; the ovher 


cells belong to the ectoblast. 


as yet only an assumption, not a completely 
demonstrated fact. 

These entities are bodies known as 
‘chromosomes,’ and are represented in the 
diagrams by the rods in the nuclei.* I 


*In point of fact the chromosomes are, as a 
rule, only distinctly visible at the period of cell- 


can not within the limits of this address 
attempt to do more than touch on a few 
of the discoveries of recent years regarding 
the chromosomes, though I think they may 
division. In the diagram they are represented 


quite schematically, as if visible in the resting 
nuclei. 
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fairly be claimed to constitute one of the 
most brilliant chapters in the whole history 
of biology. The number of the chromo- 
somes is constant in each species and, with 
only a few exceptions of such a kind as to 
emphasize the rule, the number in sexually 
produced organisms is always an even one. 
It has been proved that during the fertil- 
ization of the egg one half of the chromo- 
somes are derived from the father and one 
half from the mother (Fig. 3, A), and the 
still more suggestive fact has been estab- 
lished—with probability through the study 
of normal development, with almost com- 
plete demonstration through the study of 
hybrids—that at every division of the egg 
the chromosomes also divide (Figs. 2, C, 


3, B, C) in such a manner that their prog- | 


eny are.distributed in equal number, step 
by step, to all the cells of the body. The 
remarkable conelusion is thus reached that 
the fertilized egg, and all the cells derived 
from it, contain a double set of chromo- 
somes, paternal and maternal (Fig. 3, D). 
The no less interesting result has been ex- 
perimentally reached that either set—pa- 
ternal or maternal—is sufficient for com- 
plete development (at least as far as the 
larval stages) ; for the egg may be caused 
to develop without the paternal chromo- 
somes, while conversely the paternal chro- 
mosomes alone will suffice for the develop- 
ment of an egg from which the maternal 
nucleus has been removed. Here for the 
first time we catch a glimpse of the prob- 
able physical explanation of the phenomena 
of dominance and recession that have of 
late so greatly aroused the interest of ex- 
perimenters on inheritance; but above all, 
here is found our first definite basis of ob- 
servation for the assumption that the nu- 
clear organization is not merely a chemical 
or molecular one, but represents beyond 
this some kind of definite material con- 
figuration of the nuclear substance. 
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The time will not allow me to do more 
than touch on the very recent work that 
has confirmed and extended this conclu- 
sion. It has been found, first, that in some 
species the chromosomes show constant dif- 


’ ferences of shape and size, which points 


towards the conclusion that they may pos- 
sess specific individual characters. But 
beyond this indirect evidence, and quite 
independently of it, Boveri has shown by 
direct experiments of great ingenuity and 
beauty that qualitative physiological dif- 
ferences among the chromosomes actually 
exist; for complete development is only 
possible in the presence of a particular 
combination of chromosomes. Hence the 
conclusion becomes probable that there is a 
definite causal relation of some kind be- 
tween the individual chromosomes and the 
development of corresponding characters 
or groups of characters; or, in other words, 
that the hereditary characters are in some 
manner distributed among the chromo- 
somes which form their physical basis in 
the egg. We do not yet know in precisely 

what form this conclusion should be for-— 
mulated. We do not know, for instance, 
whether a single unit-character, such as 
color, is determined by a single chromo- 
some, or by a combination of chromosomes, 
or whether this may vary in different cases. 
In this direction we have taken but the first 
uncertain steps towards a new horizon of 
discovery. But the point I wish to em- 
phasize is that if we admit such a distribu- 
tion of characters among the chromosomes 
in any measure and in any form, to just 
this extent have we admitted the principle 
of preformation as applied to the nuclear 
substance or idioplasm. To this extent do 
we admit, for example, that the physical 
basis of inheritance in a frog’s egg is not 
simply a frog-determining substance, but 
is, in close analogy with Bonnet’s concep- 
tion, a kind of original preformation or 
microcosm, in which the individual frog- 
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characters are in some unknown manner 
represented by corresponding chromosome- 
characters. We can hardly imagine at 
present how this is possible; and it must be 
freely admitted that such a conclusion has 
an appearance of artificiality and crudeness 
that almost inevitably creates a certain feel- 
ing of scepticism. Nevertheless, to a con- 
clusion similar in principle to this the facts 
seem to be pretty definitely pointing. 

And now, finally, let us see how this con- 
ception, if accepted, is to be united with 
that of specific protoplasmic stuffs, as al- 
ready outlined. We do not know in any 
positive way, but we may roughly present 
the facts to our minds by a kind of artifi- 
cial hypothesis—somewhat as Ehrlich and 
his followers endeavor to present the side- 
chain theory of immunity by means of 
rough and crude diagrams. Let us assume, 
for example, that the specific protoplasmic 
stuffs are formed one after another by 
means of substances like enzymes that em- 
anate from corresponding chromosomes.* 
Putting the matter in the sharpest and 
erudest way, let us assume that each of 
the chromosomes in our diagram is re- 
sponsible for the formation of the stuff 
correspondingly shaded. <A few of these 
stuffs, formed and distributed as the egg 
ripens, determine the initial stages of de- 
velopment. In later stages other stuffs are 
formed by other chromosomes and progres- 
sively distributed to the cells by division. 
Thus the cleavage-mosaie grows progres- 
sively more complex and definite as devel- 
opment advances. Each nueleus still con- 
tains the germ or potentiality of the whole 
organism, but the cells assume specific 
characters according to the protoplasmic 
stuffs allotted to them (Fig. 3, EF). 

This attempt to portray briefly the modus 
operandi of development is doubtless an 
excessively naive mode of formulating a 


"Cf. Driesch’s Ferment-Fiktion,’ Analyt. 


Theorie, pp. 87-92. 
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highly complex and subtle process, con- 
cerning the real nature of which we still 
know very little. Even if literally correct 
it would still leave quite out of account 
some of the most important elements of our 
problem. I do not offer it as a well-estab- 
lished or fully rounded conclusion, but 
rather as a convenient way of placing be- 
fore you one fundamental result, towards 
which I believe the drift of recent research 
is tending. This is that the germ consists 
of two elements, one of which undergoes a 
development that is essentially epigenetic, 
while the other represents an original con- 
trolling and determining element. The 
first is represented by the protoplasm of 
the egg. The second is the nucleus, which, 
as I have attempted to show, must appar- 
ently be conceived as a‘ kind of microcosm 
or original preformation, consisting of ele- 
ments which correspond, each for each, to 
particular parts or characters of the fu- 
ture organism. ~ The actual development 
of the embryo, which is manifested by pro- 
gressive changes in the protoplasm, is by 
epigenesis, as Harvey and Wolff main- 
tained. Its primary determination is by 
means of a preformed apparatus, handed 
on to the egg from preceding generations 
in the nucleus, which, though not in any 
sense a miniature model of the adult, yet 
somehow embodies in infinitesimal com- 
pass, the heritage of the race. And thus the 
most recent discoveries in this difficult field 
of research are bringing us to a position 
which can hardly be better stated than in 
the words written by Huxley more than 
thirty years ago: ‘‘The process which in 
its superficial aspect is epigenesis appears 
in essence to be evolution, * * * and de- 
velopment is merely the expansion ofa 
potential organism or original preforma- 
tion according to fixed laws.’’ We should 
not, with the advantage of our present 
standpoint, read into these words of Hux- 
ley’s a meaning which it was impossible 
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that he should have had in mind in writing 
them; yet without yielding to this tempta- 
tion we may fairly pay our humble tribute 
of admiration and homage to a scientific 
insight that was capable of reaching such 
. conelusion in the far away prehistoric 
period when chromosomes and Mendelism 
were unsuspeeted, when the nature of fer- 
tilization was unknown, and the internal 
mechanism of development was a wholly 
unsolved riddle. 

I will in eonelusion add only a few 
words on the question of vitalism and 
mechanism in the light of the foregoing 
results. In so far as development may be 
conceived as the outeome of an original 
material configuration in the nucleus, and 
a secondary configuration in the proto- 
plasm, it may be eoneeived as a mechanical 
process. But it must be admitted that 
this conception leaves quite unsolved cer- 
tain fundamental elements of our problem 
--such, for instanee, as the manner and 
order in which the protoplasmic stuffs are 
formed and assume their characteristic 
configuration, whether in the whole egg or 
in the isolated blastomere or egg-fragment ; 
or again, how the wonderful phenomena of 
the regeneration of lost parts in the adult 
organism can be explained. We have at 
present no positive data for an answer to 
these questions. But it can hardly be dis- 
puted that we have already made a con- 
siderable advance towards a mechanical 
solution of the problem, and if this be so, 
by what right does the vitalist demand 
that we shall adopt his hypothesis for the 
portions still unsolved? Let us seek an 
answer to this question in the answer to 
a broader one. What is the object of the 
study of development? I should state this 
object somewhat as follows: First, to ob- 
serve and to deseribe as completely and 
simply as possible the actual phenomena of 
development; secondly, to determine to 
what extent, from its beginning in the egg 
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to its completion in the adult organism, 
the process can be formulated in terms of 
the elementary laws of matter and of mo- 
tion. But this is only a different way of 
stating that our object is to ascertain in 
what measure the operations of develop- 
ment, under given external conditions, are 
the result of an original configuration of 
material particles in the egg. Now, I do 
not need to say that even the approximate 
accomplishment of these aims is still very 
remote, their complete accomplishment im- 
possible. I am fully in accord with the 
neo-vitalists in their assertion that the phe- 
nomena of development and of life gener- 
ally have not yet been reduced to a me- 
chanical basis, that they can not at present 
be fully described in physico-chemical 
terms. It is certain that living beings ex- 
hibit structures more complex than any 
existing in the inorganie world, and differ- 
ent from them in kind. It is possible; 
probable I believe, that living bodies may 
be the arena of specific energies that exist 
nowhere else in nature. \ I admit fully that 
the interpretation of development I have 
endeavored to outline does not exclude, but 
in some ways actually suggests, the exist- 
ence of such energies. I should, therefore, 
even admit that the vitalists are wholly 
right in their contention that the vital 
processes are not at present explicable as 
the direct result of such energies as are 
observed in the non-living world. To pre- 
judge this question would set up a dog- 
matie barrier to progress, not only in biol- 
ogy, but also in chemistry and physies. If 
this be vitalism there are probably many of 
us who must be enrolled as ‘vitalists,’ how- 
ever doubtfully we may regard the honor 
of bearing such a title. But if the word 
‘vitalism’ be used in any other sense than 
as a convenient phrase, an x by which to 
designate an unknown quantity, if it be 
taken in a positive sense to imply in the 
living organism any negation of the funda- 
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mental laws of matter and of motion, the 
existence of any distinctive entity, or prin- 
ciple that does not fall within the chain of 
physical causation or that contravenes the 
general laws of physics, then, I protest, to 
accept ‘vitalism’ as a principle of interpre- 
tation is deliberately to abandon the scien- 
tifie method in biological study. 
EpmuNp B. WILSON. 


THE AMERICAN PALEONTOLOGICAL SO- 
CIETY. SECTION A—VERTEBRATA. 

Section A of the American Paleontolog- 
ieal Society held its third annual meeting 
in common with the other societies on De- 
cember 27, 28 and 29, and greatly enjoyed 
the admirable arrangements made by the 
officers of the University of Pennsylvania, 


especially by Professor Conklin. The 
President, Professor Henry F. Osborn, 
presided. At the close of the meeting Pro- 


fessor W. B. Seott was elected president 
and Dr. Mareus S. Farr secretary, both of 
Princeton University. 

The meeting included a series of eighteen 
papers presented in person or in manu- 
script by Messrs. Osborn, Eastman, Sin- 
elair, Case, Lull, Patten, Brown, Gidley, 
Hay, Loomis, Farr, Seott, Petersen, Doug- 
lass, Williston, Matthew and Granger. 
These were presented on Tuesday afternoon 
and on Wednesdayand Thursday mornings. 
On Wednesday forenoon the president de- 
livered his annual address, entitled ‘Ten 
Years’ Progress in Mammalian Paleontol- 
ogy.’ In this address, which will be 
printed in full elsewhere, the history of the 
science during the last decade was followed 
in detail, and the principal advances, in 
the discovery of new forms, principles, 
and methods of work, were outlined. On 
Thursday morning the principal feature 
was the discussion of the phylogeny and 
classification of the Reptilia, in which 
Messrs. Osborn, Williston, MeGregor and 
Hay participated. In this diseussion Pro- 
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fessor Osborn opened with a general re- 
view, pointing out the gradual develop- 
ment of the idea of a double grouping of 
the reptiles, beginning with Baur’s phylog- 
eny published in 1889 and continued in the 
phylogenies and discussions of Cope, Smith 
Woodward, Broom, Nopesa, Williston, 
Boulenger, Osborn and MeGregor. The 
following table is that of Osborn, 1904. 

The chief differences of opinion at 
present relate to the position of the 
Iechthyosauria, Sauropterygia and Testu- 
dinata, some authors placing the Ichthyo- 
sauria as intermediate between the two 
groups, others placing them frankly with 
the deseendants of the rhynchocephaloid 
reptiles, as suggested by Baur. Boulenger 
derives both the Sauropterygia and the 
Testudinata from the rhynchocephaloid, 
or diapsidan, group; whereas all other au- 
thors take them off from the synapsidan 
group. 

Professor Williston continued the dis- 
cussion, speaking especially of the Saur- 
opterygia. He first stated that he consid- 
ered the Sauropterygia and Testudinata as 
fundamentally separate groups, all their 
points of likeness being due to analogous 
evolution, while their points of difference 
are fundamentally distinctive. He consid- 
ered the Triassic plesiosaurs Nothosaurus 
and Lariosaurus, as not ancestral to the 
Jurassic and Cretaceous plesiosaurs, but 
as representing an independent offshoot. 
He maintained that the Proganosauria, rep- 
resented by the Permian genera Mesosaurus 
and Stereosternum, were certainly not an- 
eestral to the plesiosaurs, as held by Seeley 
and Boulenger. The Testudinata are also 
widely separated from the Placodontia, 
and are probably of direct Cotylosaurian 
origin. The points of convergence are 
partly correlated with the large size of the 
paddles of plesiosaurs and turtles, the short 
tail being correlated with the long pro- 
podials in the plesiosaurs, whereas in the 
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Subclass SYNAPSIDA Osborn 1903. Order 
Cotylosauria Cope 1880 (Pareiasauria See- 
ley 1889). 
Superorder ANOMODONTIA Owen 1860. (Ther- 
omorpha Cope 1878, in part.) 
Order Theriodontia Owen 1876. Suborder 
Therocephalia Broom 1903. 
Suborder Cynodontia Owen 1861. 
Order Dicynodontia Owen 1860. 
Order Placodontia auct. ex H. von Meyer 
1863 Incerte Sedis. 
Order Sauropterygia Owen 1860. Suborder 
Simosauria duct. ex Gervais 1845. 
(Nothosauria Seeley 1882.) 


Suborder Plesiosauria auct. ex Quenstedt | 


1852. 
Order Testudinata auct. ex Shaw 1802. 
Suborder Pleurodira auct. ex Duméril and 
Bibron 1835, 
Suborder Cryptodira auct. ex Duméril and 
Bibron 1835. 
Suborder Trionychia auct. ex Pictet 1853. 


Subclass DIAPSIDA Osborn 1903. 
Superorder DIAPTOSAURIA Osborn 1903. 
f Order Procolophonia Seeley 1867. 
Order Protorosauria Seeley 1887. 
Order Proganosauria Baur 1887. 
Order Gnathodontia Owen 1680. 
(Rhynchosauria Osborn 1903). 
Order Pelycosauria Cope 1878. 
Order Choristodera Cope 1877. 
_ Order Rhynchocephalia Giinther 1868. 
Order Parasuchia Huxley 1875. 
Suborder Aétosauria Nicholson and Lydek- 


ker 1889. 
Suborder Phytosauria Baur 1894 ex 
Jaeger 1828. 
Order Ichthyosauria Blainville 1835 
Jaeger 1824. 


(Ichthyopterygia Owen 1860.) 
Order Crocodilia Wagler (7?) 1830. 
Suborder Mesosuchia Huxley 1875. 
Suborder Eusuchia Huxley 1875. 
Suborder Thalattosuchia Fraas 1901. 
Superorder DINOSAURIA Owen 1840. 
f Order Theropoda Marsh 1881. 
Suborder Megalosauria ex Fitzinger 1843. 
(Thecodontia Owen 1860.) 
Suborder Symphypoda Cope 1867. 
(Compsognatha Huxley 1870.) 
Order Opisthocelia Owen 1860. 
(Sauropoda Marsh 1881.) 
Order Orthopoda Cope 1866. 
L (Predentata Marsh 1894.) 
Superorder SQUAMATA Oppel 1811. 
{ower Lacertilia Owen 1839. 


A 


Order Mosasauria auct. ex Gervais 1845. 
Order Ophidia Brogniart 1802. 
Order Pterosauria auct. er Kaup 1834. 


ichthyosaurs the long tail is correlated with 
short propodials. In both plesiosaurs and 
turtles the ilium is directed downward and 
forward, in correlation with the backward 
thrust of the paddles; in both, the scapula 
acquires secondarily a proscapular process. 
The fundamental characters distinguishing 
the two groups may be summarized in the 
table given below. 

Continuing the discussion, Dr. J. H. 
MeGregor maintained and expanded his 


previous argument for the derivation of 


the Ichthyosauria from the Diapsida, and 


for the probably secondary nature of the 
closed condition of the temporal arch region 
of the skull. 


Turtles. Plesiosaurs. 


Youn (parasphenoid) un- Paired prevomers. 

paired. 

No posterior parasphenoid A separate parasphen oid. 
process, 

Opisthotic separate Opisthotic not separate. 

Cervicals eight. Cervicals 13-76. 

Ribs intercentral in attach- | Ribs diapophysial in attach- 
ment. ment. 

Ten dorsals. Twenty dorsals. 


_ Dr. O. P. Hay pointed out the now con- 
vineing evidence that the original Testudi- 
nata had a closed, or solid, temporal roof 
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to the skull, as seen in the primitive Am- 
phychelydia, and persisting in the Che- 
loniidw; in other words, the preduction of 
an open temporal roof is secondary, in the 
more primitive families it is less reduced, 
in the lowest families it is still closed. 
From this original condition reduction has 
taken place in most forms from behind; in 
others, as some pleurodires, from below. 
There is thus no true supratemporal fossa. 
The parieto-squamosal arch in some pleuro- 
dires is proof of the presence originally of 
The turtles have been de- 
rived from the Cotylosauria, possibly 
through the Chelydosauria. With the 
Cotylosauria the turtles agree in possessing 
eight cervical and ten dorsal vertebre. He 
pietured the primitive turtle as having a 
with overroofed tem- 


a solid roof. 


short, broad head, 
poral region and a short supraoeceipital; a 
‘short neck consisting of eight vertebra, 
with short neural spines, long transverse 
processes and biccelous centra; a distinet 
proscapular process representing a procora- 
eoid; caudal vertebre with chevrons; a 
dermal armature consisting of plates of 
bone overlying the ribs and neural arches, 
and above this a mosaie of small bones em- 
bedded in the skin; a plastron consisting of 
the clavicles and interelavicle and the lat- 
eral elements of a parasternum, outside of 
which was a dermal armor of small plates. 
Ile maintained further that the turtles 
and the plesiosaurs are so different that 
they should be placed in different sub- 
classes. 

Dr. F. B. Loomis read a paper on ‘The 
Amherst College Expedition to the 
Wasatch and Wind River Basins in 1904.’ 


A rich eollection of Wasatch forms will 
supplement several of the less known 
species. One Kohippus in which the para- 


conid is bifid, and a tiny Anaptomorphus, 


only two thirds the size of A. homunculus, 
The beds are 2,180 


In the Wind River basin a new 


are among the species. 
feet thick. 
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and rich loeality was found, six miles above 
the mouth of Bridger Creek. There were col- 
lected at least three species of Hyopsodus, 
four of Notharctus, one of Anaptomorphus, 
three of Paramys, one of Oxyana, one of 
Esthonyx and two of Coryphodon. The 
latter is represented by teeth and a nearly 
complete skeleton. 

Mr. O. A. Petersen sent a paper entitled 
‘Suggestions’ Regarding the Probable 
Origin of Demonelix.’ It has been re- 
garded as a plant, but the author ceneludes 
that it represents the burrow of the extinct 
rodent Sleneofiber. In his exploraticns 
he found, in the materials filling the bur- 
rows, portions of skeletons of the rodent 
mentioned. 

Mr. Earl Douglass presented a paper on 
‘A New Monotreme-like Mammal from the 
Lower White River Beds.’ The skull was 
deseribed and drawings of it shown. While 
presenting numerous resemblances to the 
monotremes the author expresses some 
deubts on the relationships. 

Professor W. B. Seott, referring to re- 
cent work of Roth on the South American 
Ungulates, held that the ordinal term 
Notoungulata suggested by Roth should 
include three grand divisions sub- 
divisions as follows: 

I. Toxodontia, 
Toxodontia. 
Homalodontotheria. 
Typotheria. 

Il. Astrapotheria. 

III. Litopterna, 


Among the common characters are the 
following: 

1. The double ankle joint. 

2. The pillar on the inner side of the 
posterior crescent in the lower molars, the 
homologies of which are at present obseure. 

Division I., ineluding the Toxodontia, 
Typotheria and Homalodontotheria is es- 
pecially distinguished by (1) swollen audi- 
tory region, (2) zygomatie areh ending on 
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the top of the skull. The Astrapotheria 
stand apart in the enlargement of the 
canines, Showing analogies with the Amy- 
nodontide, which are, however, deceptive. 
Like the Litopterna they lack the auditory 
expansion. All these ungulates are fur- 
ther distinguished by being entirely horn- 
less. 

Dr. O. P. Hay read a paper ‘On the 
Group of Fossil Turtles known as_ the 
Amphichelydia.’ The author’s studies are 
based on a very complete skeleton of the 
Jurassic Compsemys plicatula in the Amer- 
ican Museum and several fine specimens of 
Bucna, eollected in the Bridger beds of 
Wyoming. In the members of this super- 
family the temporal region is roofed in, 
there are nasals and a lachrymal bone; the 
pterygoids exclude the quadrate from con- 
tact with the basisphenoid; the cervical 
vertebre may be biconeave or one or both 
ends may be eonvex; the neck short and 
adapted for motion in all planes, but more 
like that of the Pleurodira; the pelvis not 
suturally articulated with the shell. The 
croup has evidently given origin to the 
Cryptodira and the Pleurodira, the former 
retaining the skull structure, the latter 
group retaining the neck and shell struc- 
tures. 

Papers were also read by Mr. W, J. Sin- 
clair on ‘The Marsupials of the Santa Cruz 
Formation’; by Dr. Wm. Patten, ‘On the 
Structure of the Ostracoderms’; by Dr. M. 
S. Farr, ‘On Mammals from the Fort 
Union Beds.’ 

Professor Wm. Patten deseribed the 
strueture of Bothriolepis, based on the 
study of a large number of well-preserved 
specimens recently obtained by him in New 
Brunswick. Many specimens were ex- 
hibited which illustrated and confirmed the 
lucst important features of the description. 
The strueture of the mouth parts, the posi- 
tion of the gills, anus, anal fin and other 
organs indieate that the Ostracoderms must 
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be separated from all other known sub- 
divisions of the Chordata and raised to 
the dignity of a separate class. 

Professor 8. W. Williston reported on an 
important new locality for Triassie verte- 
brates on the east side of the Wind River 
range, near Lander, Wyo., yielding the 
most important remains which have yet 
been found in the American Triassic. The 
collections, which as yet have not been pre- 
pared and studied, represent four great 
groups, as follows: The Labyrinthodontia 
are represented by very large forms aliied 
to Metoposaurus, of Wurtemberg, but gen- 
erically distinet from it. The Dieynodontia, 
or Anomodontia, heretofore not represented 
in America, are apparently represented in 
portions of a skeleton, including a humerus 
resembling that of Platypodosaurus, and 
a pelvis remotely suggesting that of 
Tapinocephalus. The teeth named Palwoc- 
tonus by Cope and referred to a dinosaur, 
probably belong to members of this group, 
the affinities of which still require further 
study. The third group is widely distinct, 
ineluding an animal with a slender hu- 
merus, a scapulo-coracoid with very promi- 
nent glenoid fossa, the blade of the scapula 
being placed at right angles to the lower 
portion of the arch, the humerus without 
entepicondylar foramen; the resemblances 
are rather with the Pterosauria than any 
other group. The fourth great group is 
the Phytosauria; here no less than four 
skulls of the Belodontia were found, all 
different, probably representing four 
genera, differing in the elongation of the 
snout and position of the nostrils, and 
adding substantially to our knowledge of 
this group. The author incidentally re- 
marked that he had positively determined 
that the Hallopus Beds near Cafion City, 
Colorado, are of Triassic and not Jurassic 
age; these beds contain labyrinthodonts 
and crocodiles which belong to a higher 
horizon than that discovered near Lander. 


| 


298 


The author further stated that he placed 
the Como beds as equivalent to the 
Wealden, and as representing either the 
upper or middle part of the Lower Cre- 
taceous. 

Dr. E. C. Case read on ‘Characters of the 
‘Chelydosauria.’ 

The Permian genus Diadectes was shown 
to be a member of the order Chelydosauria 
of Cope. This order was founded on the 
genera Olocalus and Conodectes and was 
considered as ancestral to the turtles. 

The discovery that Diadectes is a mem- 
ber of this order permits a more complete 
description of its characters from espe- 
cially perfect specimens collected by the 
author of the paper. 

The members of the Chelydosauria 
(Diadectide and Otoceelide)> differ from 
the Cotylosauria (Pareiasauridxe, Parioti- 
chide, Elginide(?)) by the following char- 
acters; and in the same characters approach 
the Testudinata. 

1. There are three pairs of openings 
through the roof of the skull instead of 
two; the extra pair being the openings of 
the meatus auditus externus. 

2. The palate is very degenerate and the 
transverse bone is lost or nearly so. 

3. The form of the quadrate and its rela- 
tions to the surrounding bones are directly 
comparable to those of the turtles. 

4. There are no teeth on the pterygoids 
and palatines. 

5. There is no anterior process (para- 
sphenoid) on the basisphenoid bone and 
correlated with this. 

6. There are no prevomers but a single, 
anteriorly placed vomer (parasphenoid ?). 

7. The internal carotid arteries do not 
penetrate the lower surface of the basi- 
sphenoid, as in the Rhyncocephalia, but en- 
ter from the side as in many turtles. 

8. The presence of paired descending 
plates from the under side of the parietal 
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and the possible absence of the epiptery- 
goid. 

9. The presence of dorsal plates over- 
lying the dorsal ribs and the presence of 
eighteen presacral vertebre (the last com- 
mon to Cotylosauria). 

There is no trace of a beginning plastron. 

It is concluded that the characters of the 
skull establish the validity of the order 
Chelydosauria and indicate the direct 
origin of the turtles from the Cotylosauria. 
On Eocene Insectivora and on Pantolestes 

in particular: W. D. Matrruew. 

The genus Pantolestes Cope, variously 
referred to the Primates, Creodonta and 
Artiodactyla, turns out to be a fossorial in- 
sectivore of an archaie and peculiar type. 
A well-preserved skull and jaws and a 
large part of the skeleton were obtained by 
the American Museum Expedition in the 
Bridger Basin last summer. The teeth 
resemble those of the most primitive 
ereodonts, the skull is most like that of the 
Centetide, and unlike the creodont or con- 
dylarth skulls; the limbs and feet are 
specialized for digging, more than in the 
badger but less than in the moles; the tai! 
is long and very massive, the postsacral 
vertebre being larger than the presacrals. 
Palwosinopa Matthew is the Lower Eocene 
ancestor of Pantolestes; Pentacodon Scott, 
of the Basal Eocene, appears to be a related 
genus. The addition of the Pantolestide 
and of some undescribed genera recently 
discovered, and also, if Wortman’s asser- 
tion is supported by evidence, of the 
Ilyopsodontide, to the list of Eocene In- 
sectivora, greatly increases the importance 
of that order among the Mammalia of the 
early Tertiary. The present distribution 
of the Inseetivora indicates that they must 
onee have been an abundant and _ varied 
group; but fossil insectivores have hitherto 
been quite rare and for the most part 
nearly related to the three common living 
families, the hedgehogs, moles and shrews. 
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We now recognize the order as an impor- 
tant group in the Eocene, including a con- 
siderable variety of primitive types, and 
showing relationship on the one hand to 
the Primates, on the other to the Creodonta. 
Trigonolestes Cope, of the Lower Eocene, 
is not related to Pantolestes but is a true 
artiodactyl. 

Dr. R. S. Lull read a paper on ‘ Footprint 
Interpretation’ of which this abstract is 
given. The first dinosaur was found in 
the Connecticut Valley at New Windsor 
in 1818; but not until the civil war was a 
specimen brought to light of sufficient per- 
fection to be considered in footprint inter- 
pretation. Even then little was known 
of the true nature of these forms other 
than that they were saurians. Marsh’s 
restorations, based upon further material 
discovered at New Windsor, gave the first 
opportunity for a correlation of the osseous 
remains with the footprints. The tracks 
fall into three classes—truly bipedal forms; 
those of bipedal gait and quadrupedal rest- 
ing posture; and finally true quadrupeds. 
Of the first group the track genus An- 
chisauripus may be correlated with the 
family of Dinosauria known as the An- 
chisauride ; Gigandipus has resemblances 
to Allosaurus, though a somewhat smaller 
form having a sinuous tail trace; in Gral- 
lator the feet are very small, with limbs of 
great proportionate length, representing a 
group of aberrant compsognathoid dino- 
saurs probably of habits similar to the 
wading birds. These genera were all 
Theropoda, -or carnivorous dinosaurs. 
Eubrontes ineludes truly bipedal forms, 
large, bluntly clawed, probably of herbiv- 
orous habits; hence a predentate dinosaur. 
The oceasionally quadrupedal creatures 
were as truly bipedal types as those of the 
first group while moving, but always 
brought the hands in contact with the 
ground while resting. The most impor- 
tant genus is Anomepus, an herbivorous 
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dinosaur whose proportions suggest Hypsi- 
lophodon; while Otozoum, a huge creature 
with a plantigrade foot, having a shelf-like 
extension of skin around it presumably to 
support the great weight of the animal in 
soft mud, has no counterpart among known 
dinosaurs; and one can form no conception 
of its probable appearance. Except for 
its bipedal gait it presents some interesting 
points of comparison with Chirotherium of 
the Bunter. 

Quite a host of quadrupedal tracks are 
known which must include both Amphibia 
and Reptilia, but one genus only, Batra- 
chopus, can with any degree of certainty 
be correlated with known types. Stegomus 
longipes, a small Aétiosaur from Long- 
meadow, Mass., seems to show proportions, 
size and length of limb which would make 
its relationship with Batrachopus fairly 
assured. In this track genus the stride is 
extremely long and the trackway narrow, 
implying a form with high stilted limbs 
and a gait like a cursorial mammal. 

Thus far only can we at present interpret 
fossil footprints with any degree of assur- 
ance. 

Dr. C. R. Eastman sent a paper entitled 
‘Fossil Bird Remains from Armissan.’ 
This paper, which is in course of publica- 
tion by the Carnegie Museum, discusses the 
paleontological history of gallinaceous 
birds, and offers a description of a new 
species of Taoperdiz, a form related to ex- 
isting pheasants, and noteworthy as ap- 
pearing as early as the Upper Eocene. 
From the type species it differs chiefly in 
the relative proportions of mandible and 
wing-bones. The original is preserved in 
the Carnegie Museum at Pittsburgh, and 
has been courteously loaned by Dr. W. J. 
Holland. 

Also a paper on ‘ Anaximander, Earliest 
precursor of Darwin.’ The doctrine of 
evolution, far from being a purely modern 
conception, was anticipated in its essential 
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features by Ionian philosophers of the sixth 
eentury B. C. Writers, however, are dis- 
agreed as to which of these may properly 
be considered as the earliest evolutionist. 
A collation of the extant fragments of 
Anaximander, with eritical interpretation 
of the same, reveals an acuteness and sug- 
gestiveness on the part of their author 
such as entitle him to high estimation 
amongst the founders of the main theory. 

A paper entitled ‘Recent Exploration of 
a Pleistocene Fissure in Northern Ar- 
kansas,” by Mr. Barnum Brown, deseribes 
what might be termed a bone mine from 
which nearly ten thousand identifiable 
bones were taken. 

It is shown that a large number of the 
animals entombed here have been dragged 
in by weasels, which are actually found in 
their lairs in the wall of the fissure. Other 


carnivorous animals, such as the saber- 
toothed tigers, probably inhabited this 


fissure and brought in the remains of deer 
and hogs. 

Thirty-four genera and fifty-five species 
are recognized. A new genus of skunks, 
Brachyprotoma, is deseribed ; also nine new 
species of different animals. 

The fauna is compared with recent and 
fossil forms and tends to show that the 
fossil forms are boreal types and that the 
climate at this latitude was much colder 
during the Pleistocene period than at pres- 
ent. 

Although many of the fossil species can 
not be separated from living forms, the 
large number of extinet species places the 
age of this fauna at some time prior to the 
middle Pleistocene. O. P. Hay, 
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THE ASSOCIATION OF AMERICAN GEOG- 
RAPHERS. 


of American Geog- 
Philadelphia, 


Association 
organized in 


THE 


raphers was 


December 29, 30, with about fifty members, 
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of whom about twenty-five were present. 
The following officers were elected : 


President—W. M. Davis, Cambridge, Mass. 

Vice-Presidents—G. K. Gilbert, Washington; A, 
Heilprin, Philadelphia. 

Secretary and Treasurer—A. 
Hamilton, N. Y. 

Councillors—R. 8S. Tarr, Ithaca, N. Y.; Cyrus” 
C, Adams, New York; H. C. Cowles, Chicago. 


P. Brigham, 


The object of the association is The 
cultivation of scientific geography in all its 


branches, especially by promoting ae- 
quaintanee, intercourse and_ discussion 
amongst members, by encouraging and 


aiding geographical exploration and _re- 
search, by assisting the publication of geo- 
graphical essays, by developing better con- 
ditions for the study of geography in 
schools, colleges and universities, and by 
cooperating with other societies in the de- 
velopment of an intelligent interest in 
geography among the people of North 
America.’’ No regular publication will 
for the present be issued by the association, 
it being the opinion of its members that 
existing geographical journals afford suffi- 
cient opportunity for bringing out their 
essays. The annual meetings of the asso- 
ciation will ordinarily be held in connection 
with the winter meetings of the American 
Association; but it is probable that the 
meeting next year will be held in New 
York city. A summer field meeting is in 
consideration. 

The desire of the organizers of the asso- 
ciation is to bring together the investigating 
geographers of the country, and to lead 
those who are working on the organie and 
inorganie sides of geography on the human, 
economic, zoological, botanical, climatic, 
oceanographie and geologie sides of this 
many-sided subject—to present their re- 
sults in each other’s presence. While full 
membership is limited to those who have 
already accomplished some original work, 
it was suggested that inquiry be made to 
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learn whether others who have specialized 
less in geography would care to take asso- 
ciate membership. In any ease the meet- 
ings of the association will be open to all 
interested persons, and a special welcome 
will be given to those whose further work 
would naturally lead them into the asso- 
ciation. 

The program of the meeting in Phila- 
delphia ineluded the following papers, all 
of which were presented by the authors, 
except where stated as read by title. 


WILLIs: 
China.’ 

E. CLements: ‘ The Interaction of Physiog- 
raphy and Plant Successions in the Rocky Moun- 
Read by title. 

‘The Seistan Depression in 


‘Some Physical Aspects of 


tains.’ 

Kk. HUNTINGTON: 
Eastern Persia.’ 

L. STEJNEGER: ‘ The Distribution of the Dis- 
coglossoid Toads, in the Light of Ancient Land 
Connections.’ 

A. P. BriguamM: ‘The Development of the 
Great Roads across the Appalachians.’ 

R. W. PUMPELLY .(by invitation) : 
graphy of the Northern Pamer.’ 

R. 8S. Tarr: ‘Some Instances of Moderate 
Glacial Erosion.’ 

D. W. Jounson: ‘ The Distribution of Fresh- 
water Faunas as Evidence of Drainage Modifica- 
tions.’ 

H. C. Cowes: ‘ The Relation of Physiographic 
Ecology to Geography.’ 

R. A. Daty: ‘The General Accordance of 
Summit Levels in a High Mountain Region: the 
Fact and its Significance.’ 

I. Bowman (by invitation): ‘ Partly Sub- 
merged Islands in Lake Erie.’ Read by title. 


* Physio- 


Cyrus C. Apams: ‘The Improvement of 
American Maps.’ Read by title. 
R. E. Dopez: ‘The Journal of Geography and 


Read by title. 
Fr. E. Matrues: ‘The Study of River Flow.’ 
L. G. WestGaTe (by invitation): ‘The Geo- 
graphic Features of the Twin Lakes District, Colo- 
rado.’ 
N. H. Darton: ‘Geologie Expression in Con- 
tour Maps.’ Read by title. 
‘The Forms of Glacier Ends.’ 


its Purpose.” 


H. F. Rew: 
Read by title. 

F. P. GuLitver: 
Read by title. 


‘Muskeget a Complex Tom- 
bolo,’ 
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‘The Physical Characters of the 

Read by title. 

W. M. Davis: ‘A Chapter in the Geography 
of Pennsylvania.’ Read by title. 

G. K. GiLBert: ‘ Moulin Sculpture.’ 

G. W. LitrtenaLtes: ‘A New and Abridged 
Method of Finding the Locus of Geographical 
Position, and Simultaneously therewith the True 
Bearing.’ Read by title. | 


W. Lipsey: 
Jordan Valley.’ 


In addition to the above, Professor W. M. 
Davis, in assuming the presidency of the 
association, presented a brief address on 
‘The Opportunity of the Association of 
American Geographers’; this paper will be 
printed in the Bulletin of the American 
Geographical Society. Most of the papers 
were accompanied by lantern illustrations, 
and it should be stated that most of the 
authors were present, whose papers were — 
read by title, the papers being withheld 
from presentation for lack of time. 

Extracts were read from a letter sent 
by Professor E. de Martonne, announcing 
that an international association of Euro- 
pean geographers would probably be 
formed next spring. It was voted to send 
to Professor de Martonne the best wishes 
of the American Geographers for the form- 
ation of the European association. 

Following is a list of the original mem- 
bers of the Association of American Geog- 
raphers: C. Abbe, Jr., Washington; Ch. C. 
Adams, Ann Arbor; Cy. C. Adams, New 
York; O. P. Austin, Washington; R. L. 
Barrett, Chicago; A. P. Brigham, Hamil- 
ton, N. Y.; A. H. Brooks, Washington ; 
H. G. Bryant, Philadelphia; M. R. Camp- 
bell, Washington; H. C. Cowles, Chicago; 
J. F. Crowell, Washington; R. A. Daly, 
Ottawa, Can.; N. H. Darton, Washington ; 
W. M. Davis, Cambridge; R. E. Dodge, 
New York; C. R. Dryer, Terre Haute; N. 
M. Fenneman, Madison, Wis.; H. Gannett, 
Washington; M. K. Genthe, Hartford; G. 
K. Gilbert, Washington; J. P. Goode, Chi- 
eago: H. E. Gregory, New Haven; F. P. 
Gulliver, Southboro, Mass.; C. W. Hall, 


Minneapolis; R. A. Harris, Washington; 
A. Heilprin, Philadelphia; R. T. Hill, 


Washington; E. Huntington, Milton, 
Mass.; M. 8S. W. Jefferson, Ypsilanti; 


Emory R. Johnson, Philadelphia; Wm. 

Libbey, Princeton; G. W.  Littlehales, 

Washington; C. F. Marbut, Columbia, Mo. ; 

F. E. Matthes, Washington (Camb.); W J 

MeGee, Washington; R. Pumpelly, New- 

port, R. I.; H. F. Reid, Baltimore; W. W. 

Roekhill, Washington; R. D. Salisbury, 

Chicago; E. C. Semple, Louisville; G. H. 

Shattuck, Baltimore; L. Stejneger, Wash- 

ington; R. S. Tarr, Ithaea; R. DeC. Ward, 

Cambridge; B. Willis, Washington. 

ALBERT PERRY BrRIGHAM, 
Secretary. 
SCIENTIFIC BOOKS. 

_ Technical Mechanics. By Epwarp R. Maurer, 

professor of mechanics in the University of 

Wisconsin. New York, John Wiley & Sons. 
1903. 

Elements of Theoretical Mechanics. By A.ex- 
ANDER ZIWET, junior professor of mathe- 
matics in the University of Michigan. Re- 
vised edition of ‘An Elementary Treatise 
on Theoretical Mechanies,’ especially de- 


signed for students of engineering. New 
York, The Macmillan Company. 1904. 


Die Technische Mechanik. FElementares Lehr- 
buch fiir Mittlere Maschinentechnische 
Fachsechulen und Hilfsbuch fiir Studierende 
Hiherer Technischer Lehranstalten. Von 
P. Srepuan, Regierungsbaumeister, Lehrer 
an der Kel. Héheren Maschinenbauschule 
in Posen. Erster Teil: Mechanik Starrer 
Koérper. Leipzig und Berlin, B. G. Teub- 
ner. 1904. 

The teacher of mechanics who undertakes 
to write a text-book for students of engineer- 
ing is confronted with a difficult problem. 
He is compelled to recognize the justice of 
the demand that the course shall be practical, 
while resisting the tendency to interpret the 
practical too narrowly. While a rather ex- 
tensive course seems to be demanded by the 
manifold applications of mechanics in engi- 
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neering, his experience in the class-room em- 
phasizes strongly the limitations imposed by 
restricted time and lack of maturity of stu- 
dents. It will searcely be questioned that the 
matter of first importance to the student is a 
clear understanding of principles rather than 
an assortment of special rules for solving par- 
ticular problems. The presentation of prin- 
ciples in a sound and intelligible manner 
should, therefore, be the chief aim of a text- 
book, and methods of presentation and illus- 
trative examples should be chosen primarily 
with reference to this aim. 

The success with which this requirement is 
met by the three books under review will be 
differently estimated by different teachers. 
Each possesses merit of a high order, and 
there is little room for adverse criticism ex- 
cept such as implies a fair difference of opin- 
ion as to what methods of treatment are to be 
regarded as best. It will here be attempted 
only to indicate the character and scope of 
each of the books, and to make some general 
observations regarding methods of presenting 
the principles of mechanics in an elementary 
text-book. 

As a sound and practical text-book for the 
use of students of engineering Professor 
Maurer’s book possesses high merit. The ex- 
position is nearly always concise—indeed, this 
is perhaps often carried to a fault—but the 
soundness of the logie is rarely open to ques- 
tion. The author shows close sympathy with 
the point of view of the beginner, and appre- 
ciation of the fact that at certain points the 
conventional treatment of fundamental prin- 
ciples fails to meet the needs of the ordinary 
student. 

Professor Ziwet’s book is an excellent in- 
troduction to the science of analytical me- 
chanics. His exposition is in general sound 
and logical, and the book will be read with 
pleasure and profit by a student of mathe- 
matical tastes and ability who has the requisite 
mathematical training. The maturity and 
mathematical equipment required for reading 
it at all easily appear to be greater than are 
possessed by most of those who take up the 
subject in the second or third year of the 
ordinary four-year course in engineering, but 
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the book will doubtless prove effective in the 
hands of a teacher who is in sympathy with 
the methods and point of view of its author. 

Stephan’s book is admirable for the sim- 
plicity with which elementary principles and 
methods are presented. If written in English 
it would probably find favor with many teach- 
ers in America who desire a text-book not pre- 
supposing calculus. It should be said, how- 
ever, that while calculus notation is not em- 
ployed by Stephan, he does employ the concep- 
tions of both differential and integral calculus. 
The fundamental conceptions of the calculus 
are, of course, necessarily employed in any 
sound presentation of the principles of me- 
chanies, and it may be doubted whether real 
simplicity is gained by avoiding its notation. 

The three books are all designed for stu- 
dents of engineering, and each aims to be 
practical by including many numerical exer- 
cises and illustrative examples of the kind 
met in engineering practise, but each is a text- 
book of theoretical, rather than applied, me- 
chanics. All have much the same scope, cov- 
ering the statics, kinematics and kinetics of 
particles and of rigid bodies. Two of the 
books—those of Maurer and Stephan—agree 
somewhat closely in order of treatment, be- 
ginning with staties and following with kine- 
maties and kinetics. Ziwet, on the other 
hand, begins with geometry of motion and 
kinematics, follows with an introduction to 
dynamics (statics being treated as a special 
case) and coneludes with kinetics. In all the 
treatment is mainly restricted to the simpler 
force systems and the simpler cases of motion. 
Of the three books that of Stephan is the most 
elementary in treatment, while that of Ziwet 
would probably be the most difficult reading 
for the average student beginning the subject 
in its usual place in a course in engineering. 

As features of Maurer’s book may be men- 
tioned the emphasis everywhere given to the 
vector nature of the quantities dealt with, the 
parallel treatment of graphical and analytical 
methods in staties, the admirable chapter on 
work and energy, and the satisfactory treat- 
ment of the subject of units. Professor Ziwet 
also gives prominence to vector notions, and 
also ineludes graphical methods in statics, 
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though less fully than Maurer. IlLis book con- 
tains no systematic presentation of the theory » 
of energy, though the main features of the 
theory may be gathered from detached pas- 
sages. His treatment of kinematics and kin- 
etics is throughout more elaborate on the 
theoretical side than that of Maurer or of 
Stephan, and more use is made of general 
analytical methods. Stephan does not use 
the language of vectors. In statics he makes 
free use of graphical methods, but does not 
give the student the aid which comes from 
the use of Bow’s notation for the designation 
of forces. His treatment of kinematics and 
of kinetics is relatively brief, and only the 
merest introduction to the theory of energy is 
given, potential energy not being mentioned. 

Dimensional equations and the theory of 
units are explained by both Maurer and Ziwet, 
the former devoting to this subject an ap- 
pendix of six pages. In Professor Ziwet’s 
book (Art. 58) occurs an erroneous illustra- 
tion which is likely to confuse the student: 
‘* * * we have of course the proportion: 30 
miles an hour is to one mile an hour as 44 
feet per second is to one foot per second.’ 
Both gravitational and kinetic systems of 
units are explained in each of the three books. 
The simple treatment of the engineers’ kinetic 
system adopted by Maurer and Stephan should 
effectually clear away the traditional haziness 
surrounding the equation m=W/g. ‘The 
unit mass is taken as a derived unit, and de- 
fined as the mass to which the gravitation 
unit force (the pound-force or kilogram-force) 
gives unit acceleration; this unit mass is thus 
equal to g pounds or g kilograms, and the 
equation expresses the reduction from one 
unit mass to another. The usefulness of a 
name for the unit thus defined will be agreed 
to even by those who hesitate to adopt the 
names geepound and geekilogram suggested by 
Maurer. 

In considering the general question as to 
the best method of presenting the fundamental 
principles of mechanics in an elementary text- 
book, two requirements must be kept in view, 
soundness and intelligibility. Critics are by 
no means agreed as to what constitutes a 
sound formulation of the laws of motion. 


Newton’s laws have long held their place in 
the majority of English and American books, 
and in spite of the fact that the philosophical 
validity of the Newtonian system has been 
seriously questioned by able critics, this sys- 
tem, properly understood, still appears to fur- 
nish substantially the best foundation. It 
does not follow, however, that a literal transla- 
tion of Newton’s words is the best formula- 
tion of the laws of motion for the purpose of 
elementary instruction. That Newton’s for- 
mulation is not easily understood by the be- 
ginner is tacitly recognized by most writers, 
much space being ordinarily devoted to ex- 
planations of the meaning of Newton’s lan- 
guage. Without here attempting a full an- 
alysis, it may be profitable to suggest certain 
- points in regard to which students may be 
aided by a departure from the usual method 
of stating and explaining the fundamental 
laws. 

(1) Reeognizing force as a fundamental 
quantity whose nature is known roughly, at 
least, from ordinary experience, its definition 
should be so stated as to include the fact that 
a force is exerted by a body. This should also 
be embodied in the statement of the first law, 
which might take the form ‘a body uninflu- 
enced by other bodies would move uniformly 
in a straight line or remain at rest.’ It should 
also be embodied in the statement of the law 
of action and reaction: ‘When one particle 
exerts a force upon another the latter exerts 
one upon the former, and the two forces are 
equal, collinear and opposite.’ 

(2) The full explanation of the second law 
should be preceded by a clear explanation of 
the meaning of acceleration as a vector quan- 
tity. The law itself might be stated as fol- 
lows: ‘A foree acting alone upon a particle 
gives it an acceleration whose direction is that 
of the force and whose magnitude is propor- 
tional directly to that of the force and in- 
versely to the mass of the particle.’ 

(3) The parallelogram law should receive 
explicit statement: ‘ Two forces acting simul- 
taneously upon a particle give it an accelera- 
tion which is the veetor sum of the accelera- 
tions which would be due to the forces acting 


separately... ‘Two forces acting simultane- 


SCIENCE. 


(N.S. Vor. XXI. No. 530. 


ously upon a particle are equivalent to a single 
force equal to their vector sum.’ These state- 
ments are seen to be equivalent by virtue of 
the second law. An experimental statica] 
proof of the parallelogram law is instructive, 
but its acceptance as an exact law rests on the 
same basis as that of the rest of the laws of 
motion—the apparent exact agreement of these 
laws with all experience. 

Without entering into a detailed account of 
the treatment of the laws of motion in each 
of the three books under review, it is of inter- 
est to notice the different methods of defining 
and explaining force. Maurer’s treatment is 
in close agreement with that here suggested; 
the point emphasized in (1) is explicitly stated 
at the outset, and the above statement of the 
of action and reaction is in Maurer’s 
words. Stephan gives the common but vague 
detinition of force as the cause of a change of 
motion, the elementary but important fact 
that a force is always exerted by a body being 
explicitly stated only at the end of the three 
pages devoted to the preliminary explanation 
of force and of the law of action and reaction. 
In Ziwet’s book the treatment of force oscil- 
lates between two’ different points of view. 
Force is defined mathematically as the product 
of the mass of a particle into its acceleration, 
and the author evidently agrees with those who 
regard force as a fiction, while he does not find 
it easy or advisable to diseard the conception 
of force as a cause of motion in explanations 
addressed to beginners. The definition of 
force as the product of mass into acceleration, 
and the denial of foree as a physical reality, 
are in harmony with what is, perhaps, the 
prevailing view among philosophical critics. 
Such a view is, however, wholly meaningless to 
the beginner, and it must be insisted that the 
treatment of force in an elementary text-book 
should build upon common notions and every- 
day experience. 

Although, in an elementary text-book, log- 
ical rigor is not to be too strictly insisted upon, 
it is important to avoid false logic, and espe- 
cially the appearance of logically proving 
what is really assumed. At certain points 
many current expositions of the principles of 
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»echanies appear to be open to criticism on 
the ground of false or defective logic. 
Consider, for example, Stephan’s treatment 
of the law of composition of forces, which is 
substantially identical with that found in 
many text-books. In Art. 69 is the statement: 
‘If several forees act simultaneously upon a 
particle, the aeceleration which each force im- 
parts to the particle is independent of the 
existing velocity and of the action of the other 
forces” For the explanation of simultaneous 
aceclerations and of the method of combining 
them reference is made to Art. 66. But this 
explanation relates to a particle having a cer- 
tain motion with respect to one base of refer- 
ence, while this base is itself in motion with 
respect to a second base, so that the two 
‘simultaneous accelerations’ refer to. different 
bases or axes of reference. This throws no 
light on what is meant by simultaneous ac- 
celerations of a particle when only a single 
base of reference is in question. In the com- 
position of forces we are not concerned with 
moving axes,* and in the analysis of motion 
with respect to any single base it is only by an 
arbitrary use of language that a particle can 
be said to have at the same time two different 
accelerations. Its actual acceleration may, of 
course, be expressed as the vector sum of com- 
ponents, but this may be done arbitrarily and 
in any number of ways; in choosing a partic- 
ular set of components and associating each 
with a foree we are merely assuming the 
parallelogram of forces. 

From a logical standpoint the treatment of 
the theory of energy is an unsatisfactory fea- 
ture of many text-books. Commonly energy 
is defined as the ‘eapacity of a body té do 
work,’ or as the ‘quantity of work a body ean 
do,” while the meaning of work as done by a 
body is nowhere explained, work being de- 
“It is worth while to emphasize the argument 
by remarking that the accelerations of a particle 
With respect to two different sets of axes are not 
related by a simple parallelogram law unless the 
relative motion of the two bases is a translation. 
A full logical analysis of the laws of motion, in- 
cluding the parallelogram law, must include a 
consideration of the meaning of absolute and rela- 
tive motion—a question which may well be 


omitted from an elementary book and which will 
not be entered into here. 
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fined only as done by a force. Another logical 
defect is to make 3mv’* the definition of kinetic 
energy instead of proving from a _ general 
definition of energy that a particle possesses 
by virtue of its motion the quantity of energy 
4mv’. Of the three books under review, that 
of Professor Maurer is the only one that in- 
cludes a logical and systematic presentation 
of the theory of energy. 

Although the discussion of questions of 
terminology often seems fruitless, it may be 
worth while to refer to certain of these because 
of their importance as affecting the acquire- 
ment of sound notions by the beginner. That 
there has been little progress toward general 
agreement in the use of such terms as stress, 
centrifugal force, inertia foree, is unfortu- 
nately due in part at least to the fact that 
discussions over them have involved more 
than mere questions of terminology. 

The word stress is too often used vaguely, 
without attempt at exact definition. Among 
writers whose usage is clear, two definitions 
are current, which were formulated by 
Rankine and by Maxwell respectively. Ran- 
kine defined as stresses the forces which the 
particles of a body exert upon one another to 
resist strain (7. e., departure from the ‘ nat- 
ural’ configuration). By Maxwell the action 
and reaction between any two portions of 
matter was called stress.* The usage of engi- 
neers, so far as it is definite, usually conforms 
more or less closely to the former definition, 
while the latter has been adopted in a number 
of works on both theoretical and applied me- 
chanics. There are reasons in favor of each 
of these definitions, but it is to be regretted 
that the writer of a text-book should depart 
from both. Professor Ziwet apparently uses 
stress to designate any pair of equal and op- 
posite forces in the same line, whether consti- 
tuting an action and reaction or not. This 
sacrifices the chief value of Maxwell’s defini- 
tion, which is that it keeps clearly before the 
mind the fact that every force has its reaction 
and that action and reaction act upon different 


*See Rankine’s ‘Miscellaneous Scientific 
Papers,’ p. 120; Maxwell’s ‘ Matter and Motion,’ 
Chapter III. It should be said that neither author 
used the word in a uniform sense throughout his 
writings. 
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portions of matter. One of the most common 
and vicious errors is that action and reaction 
are counterbalancing forees. This error will 
inevitably be made if stress is defined as ac- 
tion and reaction, and then used to designate 
a pair of counterbalancing forces. Professor 
Maurer’s usage, while departing from both the 
above definitions, is clear and consistent. He 
defines stress as any foree whose place of appli- 
cation is a surface. 

Most present-day text-books, including the 
three before us, define centrifugal force as the 
reaction which a particle constrained to de- 
scribe a curved path, or a rigid body con- 
strained to rotate about a fixed axis, exerts 
upon the constraining body. This definition 
is clear, and would be satisfactory if it were 
not inconsistent with general usage in the 
only class of problems in which the term is 
really needed—i. e., problems in which motion 
is referred to rotating axes. It is convenient 
in such eases to give the equation of motion 
of a particle the same form as if the axes were 
fixed, introducing such fictitious forces as 
would produce the accelerations actually due 
to the motion of the axes. One component 
of the fictitious foree for each particle is the 
centrifugal force, which is thus not a reaction 
exerted by the particle but a force assumed to 
act upon it. This must be regarded as the 
legitimate use of the term centrifugal force. 
Inconsistency in the use of this term in ele- 
mentary text-books is responsible for much 
confusion in the mind of the student. An 
example of this inconsistency occurs in 
Stephan’s book, pp. 279, 281. Centrifugal 
force is defined as the reaction exerted by a 
particle upon the body which deflects it from 
a straight path. But in the diseussion of the 
belt and pulley an element of the belt is said 
to ‘experience’ a centrifugal force. 

So much confusion of thought has been 
shown in diseussions of ‘ inertia-force’ that it 
seems desirable to drop the term entirely. 
Those who use it often appeal to the authority 
of Newton; but it is well known that Newton 
did not restrict the word force to its present 
specialized meaning, and that which he meant 
by force of inertia is not force at all in the 
of the word. Professor 


present meaning 
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Ziwet defines force of inertia of a particle as 
the reversed effective force, 1. e., a force — mj, 
m being the mass of the particle and j its 
acceleration; and he explains that this force 
is exerted not on the particle but by it, being 
the reaction to the force which acts upon the 
particle to produce its acceleration. A stu- 
dent who compares this statement with the 
following (p. 160) is likely to be somewhat 
bewildered: “ The fact that any change of mo- 
tion in a physical body is affected by its mass 
is sometimes ascribed to the so-called ‘ inertia,’ 
or ‘force of inertia,’ of matter, which means, 
however, nothing else but the property of pos- 
sessing mass.” This latter statement is prac- 
tically Newton’s explanation of force of in- 
ertia. 

The preceding definition (also given by 
Stephan) is sanctioned by various writers of 
high authority. It may, however, be doubted 
whether there is any real need of a term to 
designate the reversed effective force — mj; 
at all events the term inertia-force used in 
this sense seems inappropriate and misleading. 
The nature of the action to which we give the 
name foree does not depend upon whether the 
body exerting it has or has not acceleration. 
Suppose, for example, that a particle is acted 
upon by two bodies only, A exerting a force P 
upon it and B a force Q, and let R be the 
vector sum of P and Q. The particle reacts 
upon A with a foree —P and upon B with a 
force (; there is no body upon which it 
exerts a force —mj—=—R. The ‘ inertia- 
force’ is thus merely the vector sum of two 
forces exerted by the particle upon different 
bodies. There is nothing peculiar about these 
forces, and no reason why either of them 
should be attributed to the ‘inertia’ of the 
body. If P and Q become equal and opposite, 
the so-called inertia-foree becomes zero, but 
the nature of the forces P and Q and of the 
reactions to them is unchanged. Neither is 
the nature of P or of its reaction changed if 
() ceases to act; there is no more reason in this 
ease than in the preceding for attributing the 
force exerted upon A to the inertia of the 
particle. 


L. M. Hoskrns. 
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SCIENTIFIC JOURNALS AND ARTICLES. 


Ture November-December number of The 
Journal of Geology, which is the final one of 
Vol. XIL, contains as the leading article Pro- 
fessor Wm. M. Davis’s address before the De- 
partment of Earth Sciences in the World’s 
Congress of Science and Arts at St. Louis on 
‘The Relations of the Earth Sciences in View 
of their Progress in the Nineteenth Century.’ 
Dr. S. W. Williston contributes a ‘ Notice of 
Some New Reptiles from the Upper Trias of 
Wyoming’ which were secured by the Uni- 
versity of Chicago paleontological expedition 
of last summer. Four new genera and spe- 
eies are described. Messrs. S. R. Capps and 
FE. D. K. Leffingwell describe the ‘ Pleistocene 
Geology of the Sawatch Range, near Lead- 
ville, Colo” Professor Rollin D. Salisbury 
describes ‘ Three New Physiographic Terms’ 
which are topographic unconformity, topo- 
graphic adjustment and superimposed youth. 
O. W. Wileox has an article ‘On Certain 
Aspects of the Loess of Southwestern Iowa’ 
and Miss I. H. Ogilvie describes ‘The Effect 
of Superglacial Débris on the Advance and 
Retreat of some Canadian Glaciers. The 
conclusion is ‘that the débris covering, and 
that alone, is responsible for the advance, 
and indeed for the continued existence, of 
the glaciers of the eastern Rockies.’ 


The American Geologist for January con- 
tains a ‘ Biographical Notice of William 
Henry Pettee’ with plate by Professor Israel 
C. Russell. Mr. George F. Becker’s address 
before the Geophysical Section at the Inter- 
national Congress of Arts and Science at St. 
Louis on the ‘Present Problems of Geo- 
physies’ is published. Professor J. F. White- 
aves contributes an article entitled ‘ Notes on 
the Apical End of the Siphuncle in some 
Canadian Endoceratide, with Description of 
Two Supposed new Species of Nanno,’ which 
is illustrated by two plates. ‘The Progress 
of Vertebrate Paleontology at the American 
Museum of Natural History, New York,’ is 
reported by Mr. O. P. Hay. ‘The Compara- 
tive Accuracy of the Methods for Determin- 
ing the Percentages of the Several Com- 
ponents of an Igneous Rock’ is discussed by 
Mr. Tra A. Williams. Mr. W. C. Morgan con- 
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siders ‘ The Origin of Bitumen,’ and from the 
discovery of a fossil egg partly filled with 
asphalt concludes that ‘natural conditions are 
thus demonstrated to be sufficient to trans- 
form animal matter into bitumen during long 
periods of time without the aid of heat.’ 
There are also given abstracts of papers pre- 
sented at the Philadelphia meeting of the 
Geological Society of America by Professors 
Cumings, Tarr and Willis and Mr. Fuller. 


The Popular Science Monthly for February 
contains the following articles: ‘An Address 
on Astrophysics, W. W. Campbell; ‘ The 
Metric System of Weights and Measures,’ F. 
A. Kennelly; ‘A Botanical Laboratory in the 
Desert,’ Francis E. Lloyd; ‘ How Immigrants 
are Inspected,’ Allan McLaughlin; ‘On the 
Relations of the Land and Fresh-Water Mol- 
lusk-Fauna of Alaska and Eastern Siberia,’ 
William Healey Dall; ‘ Examinations, Grades 


and Credits,’ J. McKeen Cattell. In ‘The © 


Progress of Science’ are to be found accounts 
of ‘Convocation Week,’ ‘The American Asso- 
ciation,’ with portraits of the vice-presidents, 
‘The Presidential Address’ and ‘ The Affili- 
ated Societies.’ 

Bird-Lore for January-February has ‘A 
New Year’s Suggestion’ on nesting trays for 
robins, by Mabel Osgood Wright; ‘ Nesting 
Boxes ’—illustrated—by E. H. Forbush; Nest- 
Box Suggestions; ‘On the Construction of 
Houses for the Purple Martins,’ J. Warren 
Jacobs; and Nest-Box Notes. There is Bird- 
Lore’s Fifth Christmas Bird Census and the 
eighth paper on ‘ The Migration of Warblers’ 
by W. W. Cooke. The number contains the 
Report of the National Association of Audu- 
bon Societies, which includes a History of the 
Audubon Movement, Report of the National 
Committee for 1904 and the State Reports. 


The American Museum Journal for Janu- 
ary bears the subtitle Fossil-Carnivore Num- 
ber, over one half its sixty pages being de- 
voted to a synopsis of fossil carnivores, mar- 
supials and small mammals in the American 
Museum of Natural History. The article, 
which is by W. D. Matthew, is well illustrated 
and accompanied by a list of important books 
of reference. The number contains a de- 
scription of ‘The Cape York Meteorites,’ 
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notes on the additions in various departments 
and lists of the various lecture courses. 


SOCIETIES AND ACADEMIES. 
THE NEW YORK ACADEMY OF SCIENCES. 
OF ASTRONOMY, PHYSICS AND CHEMISTRY. 


SECTION 


Tue regular monthly meeting of the section 
was held at Fayerweather Hall, Columbia 
University, on Monday evening, November 7, 
with Professor Charles L. Poor in the chair. 
Abstracts of the papers which were presented 
before the section are as follows: 

The Relation of Kathode Resistance to the 
So-called Saturation Current in the Dis- 
charge through Gases: F. L. Turts. 

In this paper it was pointed out that the 
so-called saturation currents obtained by Wil- 
son and other investigators of the phenomena 
of electrical conduction through flame gases 
were not true saturation currents, but only 
apparently so, owing to the development at 
the kathode of a high resistance when the 
impressed electromotive forces were over a 
few volts. By the use of a kathode coated 
with calcium oxide and heated by a separate 
flame it was shown that the resistance of a 
flame connecting this with the anode remained 
practically constant; that is, the current 
through the connecting flame increased directly 
as the potential gradient for gradients rang- 
ing from a few tenths of a volt to the centi- 
meter, up to gradients of as much as fifty 
volts to the centimeter. 

Experiments were made with the ordinary 
luminous gas flame as well as with flames 
rendered non-luminous by the admixture of 
air, and the relation between current and 
potential gradient was found to be the same 
for both kinds of flames. 


The Duration of the Afterglow Accompanying 
the Electrodeless Discharge at Low Pres- 
sures, Effect of Temperature: C. C. Trow- 
BRIDGE. 

The purpose of the investigation was to de- 
termine the nature of the glow that often ap- 
pears after the cessation of the electrodeless 
discharge in gases at low pressures. Measure- 
ments made thus far on the duration of the 
glow in air show a sharp maximum of dura- 
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tion between .1 and .05 millimeter pressures 
and that this maximum point varies with the 
electrical conditions of the experiment. It 
was also determined that there is a critical 
point between .7 and .3 millimeter pressures 
where the glow is only occasionally formed, 
after which as the pressure is further reduced, 
the duration of the glow increases rapidly to 
the maximum. The electrodeless discharge 
was also made to take place at liquid air tem- 
perature and it was found that the afterglow 
accompanying the discharge was diminished 
considerably in duration and intensity at the 
low temperature of about — 186° C. 

The officers of this section for 1905 were 
then elected and are as follows: 


Chairman—Ernest R. van Nordroff. 

Secretary—Charles C, Trowbridge. 

Tue next regular meeting of the section was 
held on Monday, December 5, with Professor 
William Hallock in the chair in the absence 
of Professor Poor. 

The papers of the evening were as follows: 


The Combination of Ions with the Solvent in 

Solutions: C. W. Kanovr. 

The object of Dr. Kanolt’s 
tion was to determine whether or 
ions of a salt in solution are combined with 
the solvent. The method used was the elec- 
trolysis of a salt dissolved in a mixture of 
two solvents, with the subsequent analysis of 
the portions of the solution around the two 
electrodes. If the ions are combined with 
either of the solvents, this solvent will be 
carried from one electrode to the other, and 
changes in the proportions of the two solvents 
are to be expected. Positive results were ob- 
tained with silver nitrate dissolved in a mix- 
ture of pyridine and water, indicating that 
pyridine was combined with the silver ions. 
With the same salt in a mixture of alcoho! 
and water only negative results have so far 
obtained. Other salts are being in- 
vestigated. 


investiga- 
not the 
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Chemical Combination of Knall-gas under 
the Action of Radium: Beraen Davis and 
C. W. Epwarps. 

The experiments described relate to the 
chemical combination of hydrogen and oxygen 
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under the action of radium rays. The gases 
were enclosed in a vessel in such a way that 
a small change of pressure could be observed. 
About four milligrams of radium bromide 
were dissolved in aleohol and deposited on the 
surface of a small sheet of platinum which 
was placed in the vessel. 

By means of electrodes the amount of ion- 
ization produced in the gas by the radium was 
measured. While the rate of formation of 
water was quite slow, yet the number of 
molecules of water formed for each physical 
ion produced was very large. The experi- 
ments are being continued by Professor Ed- 
wards. 

C. C. Trowprince, 
Secretary. 


THE PHILOSOPHICAL SOCIETY OF WASHINGTON. 


Av the 593d regular meeting, the 34th an- 
nual meeting, held December 24, 1904, the fol- 
lowing officers were elected: 


President—G. W. Littlehales. 

| ice-Presidents—Cleveland Abbe, J. G. Hagen, 
A. L. Day, L. A. Bauer. 

Treasurer—Bernard R. Green. 

Secretaries—Charles K. Wead, Lyman J. Briggs. 

General Committee, besides those named above 
—W. A. De Cundry, H. M. Paul, J. Winston, L. A. 
Fischer, R. A. Harris, E. B. Rosa, C. G. Abbott, 
K\. E. Guthe, W. S. Eichelberger. 


The secretaries’ and treasurer’s reports 
showed that the society is in a prosperous con- 
dition, having had a considerable increase of 
membership during the past year. 

Tue 594th regular meeting was held Jan- 
uary 7, 1905. 

The first paper was by Mr. E. P. Hyde, of 
the Bureau of Standards, by invitation, on 
‘Some Problems of Photometry.’ These re- 
lated mainly to the rating of electric inean- 
descent lamps, and to practical methods of 
obtaining the mean spherical illumination ap- 
plicable to the various forms of lamps with 
their wide'y differing filaments and distri- 
bution curves. In the Matthews photometer 
there are a number of pairs of mirrors, the 
centers of one set lying in a meridian of the 
lamp and throwing the rays to the mirrors of 
the other set, whence they go to the screen. 
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The lamp is rotated about 180 times per sec- 
ond. The speaker had determined the angular 
position of the mirrors of the first set that 
would give theoretically accurate results for 
three extreme cases of distribution, and then 
found an average position that reduces ma- 
terially the small errors of the Matthews in- 
strument. 

Mr. W. J. Spillman, in charge of the forage 
plant investigations of the Department of 
Agriculture, then spoke on ‘Utilizing the 
Desert,’ dealing with the cactus and its uses, 
and showing many slides. . 

It has been found that the cactus plant 
possesses considerable value as feed for cattle, 
sheep and hogs. It is universally used by 
Mexican freighters in southwest Texas for 
their work oxen, and in famine years it is 
used by stockmen generally to tide over the 
dry periods, and for this purpose it possesses 
great value. The possibility of utilizing 
cactus frequently saves the wiping out of vast 
herds of cattle in time of famine. Several 
methods are in vogue for getting rid of the 
spines preparatory to feeding cactus. 
of the most common is to scorch off the spines 
over a brush fire. A modification of the 
plumbers’ torch is more or less extensively 
used for treating cactus in place. Many stock- 
men use a specially constructed cutting ma- 
chine which pulps the cactus and abrades the 
spines so that the juices of the plant quickly 
render the spines innocuous. The pulped ma- 
terial is readily eaten. Some steam the 
eactus in large vats, which so softens the 
spines that they become harmless. Some 
varieties of cactus will thrive with one rain 
a year; and averaging a period of years an 
acre of cactus is equal to an acre of ordinary 
forage plants. 

Ar the 595th meeting, January 21, 1905, 
Dr. Guthe exhibited a bar of Heusner’s alloy 
composed of 60 per cent. copper, 27 per cent. 
manganese and 13 per cent. aluminum, which 
is strongly magnetic, though none of its con- 
stituents is so. 

Mr. Abbott exhibited and described ‘ A Com- 
parator with Planimeter Attachment’ espe- 
cially devised for reading ordinates, abscissee 
and areas of curves on 10-inch by 24-inch 
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photographic plates. In connection with the 
spectrobolographie determinations of the solar 
constant of radiation at the Smithsonian Ob- 
servatory, it is desired to know the variations 
in ordinates of bolographie curves correspond- 
ing with the intensity of rays of different 
wave-lengths in the solar spectrum, and fur- 
ther to sum up the areas included under such 
curves corresponding to the total energy of 
radiation reaching the bolometer. 

The machine shown was constructed after 
Mr. Abbott’s general design by Warner & 
Swasey, and consists, like the ordinary com- 
parator, of a microscope moved by screws in 
ordinates and abscisse, but this is here com- 
bined with a cone and rolling disk. The disk 
moves horizontally along the elements of the 
cone as governed directly by the position of 
the microscope in ordinates, while the num- 
ber of revolutions of the cone is proportional 
to the motion of the microscope in abscisse. 
Accordingly the number of rotations of the 
disk is proportional to products of ordinates 
and abscisse, and by passing along the con- 
tour of the curve between given abscissa, and 
back over the zero line to the original starting 
point, the difference in reading of the disk 
counter yields the area. 

As constructed, the machine is best suited to 
areas of more than ten square centimeters, 
but a smaller machine would doubtless be 
equally successful. The accuracy of meas- 
urement actually reached with the instrument 
shown is 0.1 square centimeter, and numerous 
measurements of circles and other areas to 
this degree of accuracy were cited. 

Mr. F. E. Fowle, Jr., also of the Smith- 
sonian Observatory, then diseussed ‘ The Dis- 
crepancy between Solar-Constant Measures 
by the Actinometer and by the Spectro-Bolom- 
eter.’ He referred to Mr. Langley’s proof that 
actinometric extrapolation by Bouguer’s for- 
mula gives necessarily too low values for the 
extra-atmospheric solar radiation. It is, how- 
ever, found by comparison with  spectro- 
bolometric determinations that the discrep- 
ancy is nearly constant and is about 14 per 
cent. for such atmospheric conditions as exist 


at Washington, when Angstrom’s actinometer 
is used. 
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Further refinements to the correction may 
later be determined as functions of the slope 
of the actinometer curve, the humidity and 
the air masses serving for the extrapolation. 

Cuartes K. Weap, 
Secretary. 


THE BIOLOGICAL SOCIETY OF WASHINGTON, 


Tue 395th regular meeting was held at the 
Assembly Hall of the Cosmos Club on Jan- 
uary 14, 1905, with President Knowlton in 
the chair and forty-six persons present. 

Dr. A. D. Hopkins showed specimens of 
what are undoubtedly fossil borings, probably 
by some beetle of the family Cerambycide. 

Professor W. P. Hay renewed a discussion 
from a previous meeting, and stated that 
proper credit is given in the scientific world 
to Cxsalpinus for the discovery of what we 
commonly know as the circulation of the 
blood. 

Mr. C. O. Townsend presented a paper on 
the ‘ Distribution and Development of the 
Sugar Beet Industry,’ in which he called at- 
tention to the difference between the sugar 
beet and the beet sugar industries. Of the 
latter he illustrated by lantern slides some of 
the largest beet sugar factories, the largest 
being in southern California. He then showed 
a very instructive series of slides dealing with 
the sowing, cultivation, harvesting and ship- 
ping of the sugar beet crop, including views 
of the workers employed, machinery used and 
results gained. 

Mr. A. C. Veatch discussed ‘ The Question 
of Origin of the Natural Mounds of Louisi- 
ana, Arkansas and Texas’ (illustrated with 
photographs). Of the many theories of origin 
suggested for these mounds three deserve the 
most careful attention: (1) the spring and gas 
vent theory, (2) the dune theory, and (2) the 
ant hill theory. 

In the spring and gas vent theory it is 
argued that the gas produced by the decay of 
the large amount of vegetable matter buried 
in the coastal plain strata has, with the ar- 
tesian water associated with it, brought to the 
surface fine sand and built up low cones. 
Small cones are now forming in this manner 
at many points in the coastal plain, and they 
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were pointed to as proving this hypothesis. 
The fatal objection to this theory is that en- 
tirely identical mounds are found in Indian 
Territory on flat plains underlaid by higher 
inclined carboniferous shales and sandstones, 
where the substructure clearly lacks the ele- 
ments required by this hypothesis. 

The dune theory is based on the resemblance 
of these mounds to the low dunes which col- 
lect in the semi-arid region of the west about 
clumps of low vegetation. The objection to 
this theory is the great irregularity of wind- 
made features and the very notable uniformity 
in size and exact resemblance, one to another, 
of these natural mounds of the south central 
United States over an area at least 300 miles 
wide and 500 miles long. It would seem that 
in so large an area a wind origin would in- 
volve a greater variation in size than has been 
observed, and necessitate the presence of occa- 
sional dunes, or lines of dunes, of noteworthy 
size, whose origin could not, in any way, be 
doubted. 

In the ant hill theory two possible lines of 
development were suggested: (1) that the 
mounds are the work of the atta, or leaf-cut- 
ting ants, (2) that they are the remains of 
hills of the mound-building variety of white 
ants, the termites. According to Professor 
W. M. Wheeler, atta hills in western Texas 
reach a diameter of forty to fifty feet and 
height of one to two feet; and Mr. E. A. 
Schwarz, of the National Museum, reports 
that the atta hills in Cuba often reach a 
height of ten to twelve feet and a diameter 
several times as great. These occurrences 
add greatly to the possibility of an ant origin. 

Regarded as the work of mound-building 
termites, which are now restricted to the trop- 
ical regions, these mounds suggest a warmer 
and moister climate. Modifications such as 
those which permitted large elephants, camels 
and animals of the sloth and armadillo fam- 
ilies to live in this region would also have 
permitted these, now similarly restricted 
mound-building termites, to do the same; and 
the causes which resulted in the extinction of 
the larger animals would also, though at a 
later date, have destroyed the mound-building 
termites. 
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Of the theories of origin yet suggested none 
are entirely satisfactory, and the dune and 
ant hill theories are the only ones well sup- 
ported. If either of these hypotheses is cor- 
rect the mounds are indications of important 
climatic changes in very recent time. It was 
suggested that the matter should be approached 
by the careful excavation of a number of these 
mounds at widely different points in order to 
fully determine the relation of the mounds to 
the beds which underlie them and to the soil 
surrounding them. 

The last paper of the evening was by Mr. 
A. 8S. Hitcheock on ‘The Twigs of Woody 
Plants with Deciduous Tips.’ Woody plants 
in our latitude ordinarily form well defined 
winter buds at the time of elongation of the 
season’s growth in late spring or early sum- 
mer. Such growth is often referred to as 
definite or determinate. In some plants such 
as the willow the growth of the twigs con- 
tinues during the season and is retarded and 
finally stopped by the advent of winter. Some 
plants have the habit of casting or sloughing 
off the terminal portion of the young twig at 
a definite point much as a leaf is cast in 
autumn. Such twigs present a scar at the 
end and, instead of a terminal bud, as in 
hickories or walnuts, the uppermost lateral 
bud continues the growth of the stem. Ex- 
amples of this method are the elms, basswood 
and many other woody plants with two-ranked 
leaves. The tip of the twig is usually cast 
in the summer when the buds are formed. 
The speaker called attention especially to the 
twigs of the common sumac (Rhus glabra) 
gathered in December which showed remark- 
ably long terminal portions of the twigs still 
attached but with the well-defined delimiting 
layer separating the healthy ripened wood 
from the dead terminal portion (five or six 
inches) which would be cast off during the 


winter. E. L. Morris, 
Recording Secretary. 
THE ONONDAGA ACADEMY OF SCIENCE. 


THe Onondaga Academy of Science held 
its January meeting in Lincoln Hall of the 
high school building, at Syracuse, on the 
evening of the twentieth. Dr. John M. Clarke 
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delivered an able address on the subject, 
‘Niagara Falls of the Future.’ 

The speaker, disclaiming any purpose of 
antagonizing the splendid industrial develop- 
ment at .Niagara, invited attention to the 
paramount claim of the world to this famous 
spot as against the commercial claim which 
threatens to convert it into dollars, and by so 
doing make an end of the American Falls. 
The recent comment of Lord Kelvin, that the 
falls would have to be absorbed to meet in- 
dustrial demand, was criticized as the ex- 
pression of the sterile sentiment which has 
permitted the destruction of the classic Falls 
of Lodore and has already half ruined the 
The speaker insisted 
that industrial progress must leave something 
to the higher life, to the play of the finer 
emotions, and from such a view point no justi- 
fication or compensation ean be found for the 
destruction of such a stupendous display of 
nature’s power. 

Though it seems to the casual observer that 
nothing man can do could abate the enormous 
volume of waters descending in this cataract, 
and accomplished hydraulic engineers have 
been known to deride the possibility that the 
falls would be injured, yet the menace to the 
perpetuity of the American Falls is imme- 
diate and imminent. The volume of water 
descending at Niagara has been measured on 
several occasions with slightly divergent re- 
sults giving as an average which has been 
accepted in the ealeulations of the engineers 
224,000 cubic feet per second. This falling 
an average of 150 feet is equivalent to a 
potential horse-power of 3,800,000, not of be- 
tween five and six millions as is constantly 
stated in the estimates and reports of the 
engineers. 

The legislature of New York has chartered 
nine companies for the development of power 
at this place, all but two to take water from 
above the falls and return it below, one of 
these two proposing not to return it to the 
river at all, but to carry it to Lake Ontario 
by another passage, the other purposing to 
take advantage alone of the fall in the gorge 
below the cataract. Of these nine companies, 
no one of which is required to pay a francise 
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to the state for its tremendously valuable 
privileges and some of which are permitted to 
take unlimited water for their purposes, but 
two are now actively producing power, and it 
is believed that but one other is now preparing 
to do so. The two producing companies are 
limited by law in the amount of water they 
may consume, the last named is not. The 
producing companies are far within their 
limitations at the present, but in both the 
waste of water and of power is appalling. 
The series of small cataracts which cover the 
American bank just below the steel arch 
bridge, which are the waste discharges from 
the power canals and the unused fall of the 
power tunnel which discharges near the same 
spot, indicate that but a fraction of the 
potential power of the water now taken from 
the American river is utilized. The salvage 
of this wasted power, however, has begun, and 
its utilization will be continued by the build- 
ing of factories along the edge of the water 
beneath the cliff. To save the wasting power 
of these companies the place must be even 
worse disfigured than it is at present. 

The Canadian companies, three in number, 
have now in part completed their installment; 
in so doing, however, they have taken from 
the river great sections of the stream for their 
forebays and permanent construction. These 
companies when working will pay a_ sub- 
stantial annual return to the commissioners 
of the Queen Victoria Park. 

The immediately contemplated abstraction 
of water by the six active companies is: 


Cu. ft. per 
Second 
Two American companies................ 16,300 
Three Canadian companies.............. 32,100 
48,400 

It is estimated that the third active Ameri- 
can company will consume............. 10,000 
52,400 


The Canadian engineers have proposed four 
additional power works with a total ab- 
GE: WORE 29,996 

88,396 

The following abstractions from this drainage 

basin are assumed as constants and are not here 
taken into consideration. 


Chicago drainage canal................. 6,000 
Proposed barge 1,200 

7,800 
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It is a matter of measurement that but one 
fourth of the water in the Niagara River 
passes over the American Falls. The sill of 
the falls is ten feet higher on the American 
side than on the Canadian. How easily the 
water is driven entirely out of the American 
channel is seen by the ice dams of the past 
few years, which, gorging the stream from the 
upper end of Goat Island to the American 
side, have turned the water from that channel 
so that one can cross the bed of the river 
dry-shod. Let then, from one fourth to one 
third of the water be permanently abstracted 
from the river, and the American Falls will 
be permanently dry. The production of power 
actual and immediately contemplated by the 
five companies within their charters will con- 
sume 48,400/224,000 of the water, or 1/5—. 
With the estimated abstraction of water by 
the sixth (American) company this fraction 
becomes 58,400/224,000 or 1/4—. Should the 
proposed additional Canadian plans be effected 
the proportion will become 88,396/224,000 or 
1/3—. In any one of these cases the danger 
limit is reached and the perpetuity of the 
American Falls now hangs by the slender 
thread of improbability that these companies 
shall produce to their statutory limitations 
or find a market for their product. 

It is authentically stated that 800,000 tour- 
ists visit Niagara annually, bringing an 
enormous revenue to the place. As soon as 
the world learns that New York and Canada 
have shorn this famous place of its beauties, 
this source of industrial prosperity will be 
gone. While these magnificent schemes of 
power development are putting to shame a 
sentiment of proper pride which should be 
national rather than local, unlimited horse- 
power lies idle in the region where these 
companies hope to find their market and in 
the development of this none of the finer 
manifestations of natural power and none of 
the finer sentiments of mankind would be as- 
sailed. 

The address was a strong presentation of 
the subject and the press of the city joined in 
the protest against the destruction of the falls. 

J. E. Kirkwoop, 
Corresponding Secretary. 
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DISCUSSION AND CORRESPONDENCE. 
CONSULTING EXPERTS IN LIBRARIES. 


To THe Epiror or Science: Dr. Francis B. 
Sumner’s letter, published in Scrence, Jan- 
uary 13, seems to offer an appropriate oppor- 
tunity for calling attention to certain note- 
worthy developments at the Library of Con- 
gress during the administration of Dr. Her- 
bert Putnam. Dr. Sumner urges the desira- 
bility of employing, in connection with one 
of our great libraries, ‘a staff of consulting 
experts, men of the rank of college professors, 
whose duty it should be to furnish definite bits 
of information in response to legitimate ques- 
tions, or, at least, to guide the seeker on his 
way * * * the establishment of a sort of hu- 
man encyclopedia as an adjunct to the library.’ 

While this ideal has not yet been attained 
at the Library of Congress, a remarkable de- 
velopment in this direction has taken place 
during the last few years. It is the function 
of the Division of Bibliography, established 
in 1900, not only to prepare and publish lists 
of references on special topics, principally 
those of current political interest, but also 
to supply bibliographical information in reply 
to inquiries received by mail. The reference 
work of this character has been mainly in the 
fields of social and political science and his- 
tory. 

As, however, the collection of scientific lit- 
erature has recently been reclassified and is 
now in process of being recatalogued, it has 
become possible to undertake similar work in 
science. There are on the staff of the library 
at the present time several specialists repre- 
senting different sciences, and it is always 
possible to consult others associated with va- 
rious branches of the government service. 
Furthermore, it being part of the policy of 
the Librarian of Congress to make the collec- 
tion of bibliographies, indexes, library cata- 
logues, etc., as complete as possible, unusual 
resources in the way of bibliographical tools 
are available at the library. A Science Sec- 
tion of the library, in charge of the under- 
signed, has accordingly been organized re- 
cently and one of its functions is to carry on 
the reference work in this field, both for in- 
vestigators at the scientific bureaus in Wash- 
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ington and in answer to legitimate inquiries 
by mail. 

Under these circumstances it seems that the 
facilities now offered by the Library of Con- 
gress meet the need indicated in Dr. Sumner’s 
letter to a very considerable extent, and fur- 
ther advances in this direction will occur if 
it appears that valuable service can be ren- 
dered. 

I conclude by inviting the readers of Science 
to make use of these new facilities whenever 
the library resources to which they have access 
are inadequate to the needs of the investiga- 
tions which they have in hand. Communica- 
tions-should be addressed to the Librarian of 
Congress, and should be marked ‘ Science 
Section’ if they are inquiries referring to the 
mathematical, physical or natural sciences. 

J. Davin THompson. 


THE STORAGE OF MICROSCOPIC SLIDES. 

To tue Eprror or Science: In your issue 
of December 30 you published an article by 
C. L. Marlatt, of the U. S. Department of 
Agriculture, describing a method of storing 
and indexing microscopic slides. 

The Bausch and Lomb Optical Company 
have designed and are selling an excellent 
cabinet with card system which has all the 
advantages claimed by Mr. Marlatt for his 
and lacking only the envelopes, which I can 
not but think must be somewhat inconvenient. 

These cabinets are made in three sizes, hold- 
ing 500, 1,500 and 3,000 slides respectively. 
Tiers of trays, each running in its own groove, 
are constructed to take slides of various sizes. 
At the bottom are drawers (one, two or three) 
containing separate cards for every slide, on 
each of which is printed a form for register- 
ing the slide: Tray No.—Series No.—Name 
of Slide—Stain—Mounted in— and two lines 
for other data. There are also printed guide 
ecards from A to Z. 

The objects being recorded on separate 
ecards, the removal of slides necessitates 
simply the removal of its corresponding card, 
while the addition of slides requires only the 
filling out and insertion of new cards. Classi- 
fication thus, it will be seen, becomes exceed- 


ingly simple. The slides may be rearranged 
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and the collection increased or diminished 
with the least possible amount of trouble. 
JOSEPHINE SHATZ. 
RocuestTer, N. Y., 
January 8, 1905. 


SPECIAL ARTICLES. 
DOPPLER’S PRINCIPLE AND LIGHT-BEATS. 


THERE is a beautiful lecture experiment in 
illustration of Doppler’s principle due, I be- 
lieve, to Koenig. A vibrating tuning fork 
of high pitch, say 2,000 vibrations per second, 
is moved to and fro near, and at right angles 
to, a reflecting wall. The waves coming from 
the fork and (virtually) from its image back 
of the wall are changed in length by the op- 
posite motions of fork and image with the 
result that very audible beats are heard. With 
a fork of the pitch mentioned, a speed of 
three feet per second gives beats at the rate 
of about eleven per second. Although special 
forks are made for this experiment, they are 
quite unnecessary. An ordinary C 512 fork 
of Koenig’s pattern gives a very shrill tone 
when strongly bowed near the shank and 
answers the purpose admirably. If the fork 
is held stationary and the reflecting surface 
is moved, the effect is the same on account of 
the motion of the fork’s image. 

Attempts to secure visible beats by means 
of light waves of slightly different wave-length 
have met with no success, partly on account 
of rapid changes of phase, and partly because 
of the difficulty of securing two sources whose 
vibration frequencies are nearly enough equal. 
Thus if we assume (what is most likely not 
true) that the failure to observe interference 
fringes with differences of path greater than, 
say, 30 em. indicates a change of phase, this 
would indicate 10° or more changes of phase 
per second. On the other hand, shoula we 
take the two D lines as sources there would 
be about 10” beats per second. It is evidently 
almost hopeless to attempt to secure visible 
light-beats in this manner. If we consider 
Doppler’s effect, however, the case is quite 
otherwise. The second form of Koenig’s ex- 
periment, viz., that in which the reflector is 
moved, is in principle almost exactly anal- 
ogous to Professor Michelson’s interferometer. 
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In this instrument the alternations in bright- 
ness at any point in the field when the slide 
is moved are beats due to the Doppler effect 
just as truly as are those heard in the second 
form of Koenig’s experiment. 

Apert B. Porter. 


CHICAGO, 
January 14, 1905. 


NOTE ON THE BROAD WHITE FISH. 

In the Proceedings of the American Philo- 
sophical Society of Philadelphia, XLIIL, 
1904, p. 451, plates VIII. and IX., I have 
wrongly identified the broad white fish, or 
Coregonus kennicotti Jordan and Gilbert, as 
the humpback, or Coregonus nelsonii Bean. 


My error was due largely to lack of material, . 


ignorance of the species from autopsy, and 
the fact, as I have since discovered, that C. 
nelsonit does not always exhibit the well-de- 
veloped hump like that of the type. Possibly 
when the Siberian forms are earefully studied 
the nomenclatures of these fishes will be more 
stable. 
Henry W. Fow ter. 
ACADEMY OF NATURAL SCIENCES, 
PHILADELPHIA, February 5, 1905. 


RECENT ZOOPALEONTOLOGY.* 


Durine the past thirteen years great ad- 
vances have been made in our knowledge of 
the ancient mammalian life of North Amer- 
ica, especially through the explorations in the 
Rocky Mountain region carried on by the 
Carnegie, Field Columbian and American 
Natural History Museums. The long Ter- 
tiary period has been clearly subdivided into 
a series of stages and substages. This enables 
paleontologists to record more accurately than 
ever before the time of arrival and departure 
of the larger and smaller quadrupeds from 
North and South America, Asia, Europe, Af- 
rica, and to determine more precisely when the 
connection of North and South America was 
interrupted by a gulf flowing between the 
Atlantie and Pacific Oceans, and when the 
connection was again made by the elevation 


* Abstract of a lecture delivered by Professor 
Osborn before the Society of Naturalists at the 
Philadelphia meeting. 
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of the Isthmus of Panama; this demonstrates 
also that a very much closer connection existed 
between the animal life of Europe and of 
North America through continuous intermi- 
gration over the broad land area now sub- 
merged beneath the Behring Straits. A series 
of six world maps prepared by Dr. W. D. 
Matthew clearly exhibit this submergence and 
emergence of the isthmuses between these 
great continents. 

Of especial interest is the recent discovery 
by the Geological Survey of Egypt that the 
whole race of mastodons and elephants orig- 
inated in Africa, entered Europe in the mid- 
dle of the Tertiary and soon afterward found 
their way into North America and somewhat 
later into South America. We have now been 
able to fix very positively the date of actual 
arrival of these animals in North America. 
It appears probable that successive waves of 
migrations of European and Asiatic species 
of elephants and mammoths came to this 
country. In the meantime there survived 
here from one of the earliest African migrants 
the eastern American forest mastodon which 
lived until comparatively recent times. 

The theory of multiple races or polyphyletic 
evolution not only of elephants but of horses, 
rhinoceroses, camels and titanotheres appears 
to be clearly established through these recent 
discoveries. It was formerly believed, for 
example, that the modern horse had a single 
line of ancestors extending back into the 
Eocene period; now it appears that in North 
America there were always four to six entirely 
different varieties of the horse family living 
contemporaneously, including slow-moving, 
forest-living horses with broader feet, and 
very swift plains-living horses with narrow 
feet fashioned more like the deer. Interme- 
diate between these arose the variety which 
survived and gave rise to the true modern 
horse. Furthermore, it appears that the mod- 
ern horses separated from the asses and zebras 
at a much more remote period than has been 
generally supposed, and we are now endeavor- 
ing to ascertain accurately when this separa- 
tion occurred. 

The same discovery of multiple races has 
been made among the rhinoceroses. In Eu- 
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rope and in North America instead of forming 
a single line of evolution there were at least 
seven or eight nearly contemporary but dis- 
tinct lines of rhinoceros succession, some of 
which can be traced back as far as the base of 
the middle Tertiary. The truly American 
rhinoceroses which appear to have branched 
out into several water-living, forest-living and 
plains-living types, were reinforced by the 
sudden appearance of the extremely short- 
limbed rhinoceroses which had evolved in Eu- 
rope and came over to this country simultane- 
ously with the earliest elephants or mastodons. 

Another remarkable feature of this law of 
multiple evolution is that even where these 
varieties have evolved quite separately and 
independently, they still have inherited from 
remote common ancestors certain tendencies 
or potentialities of evolution which were latent 
but not expressed in the ancestral forms but 
which find a more or less simultaneous ex- 
pression in the derived forms. Thus, among 
the rhinoceroses and titanotheres the rudi- 
ments of horns begin to appear more or less 
simultaneously in several of these multiple 
independent races or varieties, indicating a 
hereditary predisposition toward the develop- 
ment of certain organs quite unsuspected in 
the earlier evolutionary writings of Lamarck 
and Darwin. This predisposition to evolve 
certain structures tends to establish the idea 
that the laws of development are not con- 
trolled solely by the survival of the fittest as 
according to the original Darwinian theory, 
nor by the inherited effects of use and disuse 
as according to the Lamack-Spencer theory, 
but represent the budding out or expression 
of certain innate or inherited ancestral tend- 
encies. 

Among the greatest surprises in recent dis- 
covery has been the finding of armadillo-like 
edentates in the Rocky Mountain region near 
Ft. Bridger, Wyo., from rocks of the lower 
Tertiary period. These armadillos certainly 
bore a leathery if not a bony shield. Some 
ossicles indicating the presence of the bony 
shield are reported to be present in the collec- 
tions of the Yale Museum; the remains thus 
far found by the American Museum exploring 
parties show a provision for the shield in the 
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structure of the backbone but do not exhibit 
the bony elements of the shield itself. 

Almost equally surprising results of ten 
years’ exploration are the tracing back of the 
dog family into the Lower Eocene, of the saber- 
tooth tiger family into the Middle Eocene, 
of the camel family into the Upper Eocene, 
of the hedge-hogs {now extinct: in this coun. 
try) into the Lower Oligocene, of the raccoons 
into the Lower Miocene. The camel family, 
like the horses and the rhinoceroses, branched 
out into a great many varieties, short- and 
long-limbed, most remarkable among the lat- 
ter being the giraffe-camel (Alticamelus), 
which, although a true camel, was closely 
similar in build to the giraffe. With these 
discoveries the names of Scott, Wortman and 
Matthew are honorably associated. 

It has long been known that the deer, bear, 
moose, the oxen and sheep families did not 
appear in this country until very late in geo- 
logical times, shortly before the Ice Age. 

Among the many difficult and still unsolved 
problems is the cause of the total extinction 
of the horse in North and South America 
while it survived and multiplied in Europe, 
Asia and Africa. Just before the time of the 
extinction of the horse, America exhibited the 
greatest beauty and variety in the develop- 
ment of this family. As studied by Gidley, 
there were horses exceeding in size the enor- 
mous Percherons of to-day and there were also 
varieties smaller than the most diminutive 
Shetlands. Yet with all this wide range of 
variation all became extinct. 

The elephants also exhibited three great 
varieties, the true mammoth (F. primigenius) 
to the north, the Columbian elephant in the 
central states, and the gigantic Imperial mam- 
moth to the south, forms shown to be quite 
distinct by Lucas and undoubtedly adepted to 
various kinds of climate; yet all died out with 
the great wave of death which swept off the 
camels, horses and the giant South American 
sloths, just before or during the first advance 
of the Glacial period. H. F. O. 


SCIENTIFIC NOTES AND NEWS. 


Tue senate of the University of Edinburgh 
has voted to confer its honorary doctorate of 


\ 
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laws on Dr. Alexander Graham Bell, of Wash- 
ington, and on Dr. W. W. Keen, professor of 
surgery at Jefferson Medical College, Phila- 
delphia. 

Dr. S. Weir MircHet, the eminent physi- 
ologist, physician and author, celebrated his 
seventy-fifth birthday on February 15. Dr. 
Weir Mitchell will present candidates for hon- 
orary degrees at the celebration of the Uni- 
versity of Pennsylvania on February 22. De- 
grees will be conferred on President Roose- 
velt and on the Emperor of Germany. 


On the occasion of the opening of the new 
public health laboratory of the Victoria Uni- 
versity, Manchester, honorary doctorates of 
science were conferred upon Professor Cal- 
mette, Lille University; Professor Perroncito, 
Turin University; Professor Salomonsen, Co- 
penhagen University, and Captain R. F. Scott, 
R.N. 

Proressor K. Mosius has retired from the 
directorship of the Berlin Museum of Natural 
History. The position has been offered to 
Professor H. H. Schauinsland, director of the 


museum at Bremen. 


Dr. Frieprich PAuLsen, professor of philos- 
ophy at Berlin and known also for his works 
on education, will lecture at Harvard Univer- 
sity during the first half of next year in ac- 
cordance with the plan for an exchange of 
professors. As already noted, Professor Fran- 
cis G. Peabody will lecture at Berlin. 


Vice-ApMiraL Human has been elected 
president of the French Society of Geography. 


Dr. Georce Bruce Hatstep has been made 
foreign associate and honorary professor of 
mathematics in the popular university of 
Tempio, Italy, and a fellow of the Royal As- 
tronomical Society. 


‘Tue Relation of Graduate Study to Gen- 
eral Culture’ was the subject of a lecture, 
given on February 3, at the University of 
Chicago, by Professor Josiah Royce, of Har- 
vard University. 

A CONFERENCE on school hygiene, arranged 
by the Royal Sanitary Institute, was held in 
the University of London, under the presi- 
dency of Sir Arthur W. Riicker, on February 
7-10. 
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Dr. Murcoci, professor of geology at Buch- 
arest, is carrying on research work in Cali- 
fornia. 

Dr. Burton E. Livineston, of the depart- 
ment of botany of the University of Chicago, 
has been appointed to the staff of the Bureau 
of Soils in the United States Department of 
Agriculture, and will bégin his new work at 
the close of the winter quarter. 


Dr. D. T. MacDouaat has started on an 
expedition to lower Colorado and the upper 
portion of California to collect botanical 
specimens for the New York Botanical Gar- 
den and to study the flora of that region. 


Miss Vera K. CuHar es, scientific assistant 
in the Bureau of Plant Industry, U. S. De- 
partment of Agriculture, has recently returned 
from the Isle of Pines, where she was col- 
lecting in the interest of the herbarium con- 
nected with the office of vegetable pathological 
and physiological investigations. 


Tur Samvuet D. Gross prize of the Phila- 
delphia Academy of Surgery, for the year 
1905, amounting to $1,200, has been awarded 
to Dr: James Homer Wright, of Boston, Mass., 
for his essay, ‘The Biology of the Micro- 
organism of Actinomycosis.’ 


Tue Wilde medal of the Manchester Liter- 
ary and Philosophical Society has _ been 
awarded to Professor C. Lapworth, F.R.S., 
professor of geology at Birmingham. 


Tue St. Petersburg Academy of Sciences 
has awarded the Lomonosoff prize of $500 to 
Professor N. A. Menschutkin for his re- 
searches in theoretical chemistry, and the 
Ivanoff prize to Professor P. N. Lebedeff, of 
Moscow, for his experimental researches on 
the pressure of light. 


Ar a meeting of the trustees of the Perey 
Sladen fund, held recently at the rooms of the 
Linnean Society, London, grants were made 
to Mr. W. R. Ogilvie Grant towards the ex- 
penses of a collector for the British Museum 
in Central Africa; to Miss Alice L. Emble- 
ton to enable her to continue her investiga- 
tions in insect cytology; and to Mr. J. Stanley 
Gardiner towards the expenses of an expedi- 
tion to the Indian Ocean. 
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Tur Carnegie Institution of Washington 
has recently made a grant of $2,500 to Pro- 
fessor C. F. Burgess, of the department of 
applied electro-chemistry of the College of 
Engineering of the University of Wisconsin, 
to aid him in carrying out investigations upon 
the properties of pure iron and its alloys. 
During the past three years Professor Burgess 
has developed a method of producing iron 
electrolytically of a very high degree of purity, 
in a manner similar to that employed in the 
refining of copper. Previous to this work pure 
iron has been obtained only in very small 
quantities and at excessive cost, but Professor 
Burgess is now able to produce comparatively 
large quantities at a small cost, using for this 
purpose a cheap grade of steel. Careful an- 
alysis of this product fails to show the pres- 
ence of any foreign element, with the excep- 
tion of hydrogen, which can readily be driven 
off by heat. There is already a considerable 
demand for this iron for scientific purposes, 
and about half a ton has been made. 

AccorpinG to the New York Evening Post 
the grants made by the Carnegie Institution 
for scientific research include the following to 
Cornell: Professor Wilder D. Bancroft, for 
chemical study of alloys, $500; W. W. Cob- 
lentz, for study of infra-red emission and ab- 
sorption spectra, $1,000; E. S. Shepard, for 
study of brasses and bronzes as alloys, $1,000. 


We learn from Nature that an international 
committee has been formed in Heidelberg, 
under the presidency of Dr. A. Freiherr von 
Dusch, minister of education, of the Grand 
Duchy of Baden, with the object of honoring 
the memory of the late Professor Carl Gegen- 
baur, who for nearly thirty years was the 
director of the Anatomical Institute of Heidel- 
berg. The committee has decided upon a life- 
size bust of Gegenbaur, to be executed in 
marble by Professor C. Seffner, Leipzig. The 
bust will be placed in the vestibule of the 
Anatomical Institute, probably in the early 
summer, at a date not yet fixed. The com- 
mittee invites former pupils of the deceased 
master, and all those who have benefited from 
his epoch-making works on human and com- 
parative anatomy, to send contributions, with 
their addresses and titles, to Professor M. 
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Fuerbringer or to Professor E. Goeppert, both 
in Heidelberg. Every contributor will receive 
a picture of the bust, and casts may be ob- 
tained, on special application, from Professor 
C. Seffner. 

A MEMORIAL service in honor of the late 
Professor Alpheus S. Packard was held at 
Brown University on February 18. 


Dr. Georce Howes, F.R.S., Huxley’s 
successor as professor of zoology at the Royal 
College of Science, London, known for his 
contributions to vertebrate morphology, died 
on February 4, at the age of fifty-one years. 


Tue Rey. Thomas Arthur Preston, who 
founded the Marlborough Natural History 
Society and Museum and who did much to 
promote nature-study in England, died on 
February 6, at the age of seventy-one years. 


Dr. Jutivus Scrisa, professor of surgery at 
the University of Tokio and the author of 
contributions on anthropology and botany, has 
died at the age of fifty-five years. 


Tue United States Civil Service Com- 
mission announces that in view of the very 
small number of applications filed for the 
examination for assistant in the Philippine 
service, on March 1-2, this examination has 
been postponed to April 5-6, 1905, and will 
be held in different parts of the country, 
to secure eligibles from which to make cer- 
tification to fill a large number of positions 
in the grades of clerk and teacher in the 
Philippines. As a result of this examination 
it is desired to secure 140 college graduates, 
including 20 polytechnic and 20 agricultural 
graduates, at a salary of $1,200 per annum, 
and 60 normal school graduates at a salary of 
$1,000 per annum. Many of the appointees 
will be required in the position of teacher, 
while some will be required in the various 
clerical and administrative offices in the 
islands. Excellent opportunities for promo- 
tion are afforded for well-qualified appointees. 
For positions requiring college graduates 
students who graduate in 1905 will be accept- 
able. 


Tue United States Civil Service Commis- 
sion announces an examination on March 8, 
1905, to secure eligibles from which to make 
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-ortitieation to fill a vaecaney in the position of 
botanist (male) at $75 per month, in the 
National Museum, and vacancies as they may 
occur in any branch of the service requiring 
similar qualifications. The commission also 
invites attention to the examination for sci- 
entific aid, applications for which may be 
tiled at any time. Eligibles are particularly 
desired at this time to fill a vacancy in the 
position of scientific aid (male) qualified in 
animal husbandry, in the Bureau of Animal 
Industry, Department of Agriculture, at $480 
per annum, and other similar vacancies as 
they may oecur in that department. For the 
specific vacaney mentioned, only such applica- 
tions will be considered as are filed with the 
Commission at Washington prior to the hour 
of closing business on March 8, 1905. 


Tue N. Y. State Civil Service Commission 
will hold an examination on March 1, to fill 
the position of geologist in the State Museum 
at a salary of $1,500, and of taxidermist in 
the Museum at a salary of $900. 


Tue Court of Appeals of Maryland has just 
rendered a decision which establishes the con- 
stitutionality of the State Aid Highway Law 
of the last legislature, the administration of 
which has been by law placed under the con- 
trol of the Maryland Geological Survey. The 
state survey has maintained a highway divi- 
sion during the past eight years, but has now 
placed at its disposal $400,000 annually, de- 
rived half from the state and half from the 
counties, for the construction of improved 
highways. The law becomes operative at once 
and surveys on a large scale will begin imme- 
diately. 


Tue Argentine gunvessel Uruguay has re- 
turned to Buenos Ayres after her long voyage 
in the Antarctic seas, having failed to obtain 
any news of the French Antarctic expedition 
under Dr. Charcot. 

Mr. Davin Syme, of Melbourne, has given 
$15,000 to found a prize for the encourage- 
ment of original research in science. <A prize 
of $500 and a medal will be annually awarded 
by the University of Melbourne. 

Tue London Times states that it received 
the following letter for publication from a 
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correspondent who is a graduate of an Eng- 
lish university, but presumably did not spe- 
cialize in scientific subjects: “ The Amount 
of Coal.—To the Editor of The Times.—Sir, 
——The amount of coal which has been dug out 
of the earth must be now so considerable as 
to make an appreciable diminution of the 
weight of our globe. Is it conceivable that 
in time this might cause an interference with 
the working of the solar system. All of the 
coal that remains behind is a small proportion, 
in ashes; the only addition that is made to 
the weight of the earth is by increase of popu- 
lation, and is infinitesimal. I am, Sir, yours 


faithfully, W. C. B.” 


Mr. Antonio OtyntHo, Brazilian commis- 
sioner to the Louisiana Purchase Exposition, 
has, by order of his government, investigated 
the organization and work of the division of 
hydrology of the U. S. Geological Survey. 
The underground water resources of Brazil, 
which are as yet almost entirely undevel- 
oped, are said to be immense. It is the 
wish of the Brazilian government to encour- 
age their development, and to this end it is 
proposed to organize a division of hydrology 
similar to that maintained by the U. S. Geo- 
logical Survey. The investigation and de- 
velopment of artesian waters is of particular 
interest to the Brazilians. As compared with 
the work of bureaus in other countries, the 
investigations carried on by the U. S. Geo- 
logical Survey of both surface and under- 
ground waters takes high rank, as is attested 
by the frequent calls from other governments 
for information and assistance. During the 
past year, the Colonial Office of Bermuda has 
sought advice from our Survey in regard to a 
water supply for that island, and the govern- 
ment of Peru has borrowed a hydrologist, who 
is organizing a bureau which is investigating 
the underground waters of that country in the 
special hope of obtaining supplies for the 
nearly rainless coast. The bureau which 
Brazil proposes to establish will be modeled 
after the survey’s division of hydrology, the 
plan of which was furnished the commissioner 
from Brazil by Mr. Myron L. Fuller chief of 
the eastern section. The work in Brazil will 
differ, however, in one important particular 
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from that in the United States. The drilling 
of test wells by the government survey has 
seldom been practicable here, but the govern- 
ment of Brazil, like that of Peru, expects to 
actually drill for water, and drilling outfits 
have accordingly been purchased in this coun- 
try for that purpose. 


UNIVERSITY AND EDUCATIONAL NEWS. 


Tue University of Pennsylvania has asked 
from the state an appropriation of $650,000 to 
be used as follows: (1) University hospital— 
maintenance, $140,000; new building, $75,000; 
clinical amphitheater and laboratories for dis- 
pensary buildings, $35,000; (2) university— 
$175,000 for general maintenance, construc- 
tion of buildings, and the purchase of appa- 
ratus; (3) veterinary department—$100,000 
for the erection of a suitable building and 
equipment; (4) "free museum of science and 
art—$125,000 for the construction and equip- 
ment of a building for the expansion of the 
department. 


Mr. Cuartes H. Hacktey, of Muskegon, 
Mich., has made public bequests, as follows: 
To the Hackley Manual Training School of 
Muskegon $250,000 is given, which, added to 
$360,000 already given by Mr. Hackley, makes 
the school’s total endowment $610,000; as an 
endowment for the Hackley Hospital, $300,- 
000, less any sum given during Mr. Hackley’s 
lifetime for this purpose; for the maintenance 
of the Hackley Publie Library, $200,000; for 
the purchase of pictures for this library, $150,- 
000. 


Mount Hotyoke will receive $172,- 
000 as the residuary legatee of Edmund K. 
Turner. 


Tur Drapers’ Company have voted a further 
- sum of £400 a year for five years towards the 
statistical work and higher teaching of the 
department of applied mathematics, and the 
Mercers’ Company have voted £1,000 to the 
chair of physiology, in University College, 
London. 


We learn from The Experiment Station 
Record that W. C. Stubbs, who has been since 
1885 professor of agriculture in the Louisiana 
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State University and director of the experi- 
ment stations, has voluntarily retired. He is 
succeeded by Professor W. R. Dodson, who be- 
comes, by virtue of his office as professor of 
agriculture at the university, director of the 
three stations in the state, director of the 
State Geological Survey, official chemist, ete. 


Mr. Tuorne M. Carpenter has resigned his 
position as assistant chemist and assistant in 
the investigations with the respiration cal- 
orimeter, of the Agricultural Station of the 
Pennsylvania State College to accept a 
similar position in connection with the in- 
vestigations on human nutrition at Wesleyan 
University. The vacancy has been filled by 
the promotion of Mr. N. C. Hamner, and Mr. 
W. A. Smith, a graduate of the college in 
1901, has been appointed assistant chemist. 
Mr. J. B. Robb, of the Maryland Agricultural 
College, who has assisted in the respiration 
calorimeter investigations during the past 
three winters, has been temporarily engaged 
for the same purpose for the present season. 


Mr. F. L. Sunt, assistant in physical chem- 
istry at the University of Wisconsin, has just 
accepted a call to the University of Indiana, 
as assistant professor of physical chemistry. 


M. Jonatuan Riapon, fellow of Clark Uni- 
versity, has been appointed instructor in phi- 
losophy in Clark College. 


Mr. H. H. Hicse, assistant in mechanical 
engineering at Columbia University, has been 
appointed instructor in the University of 
Michigan, and Mr. L. F. Parr has been ap- 
pointed to fill the vacancy at Columbia Uni- 
versity. 

Mr. Evcar Scuuster, M.A., New College, 
Oxford, has been appointed to the Francis Gal- 
ton research fellowship in national eugenics. 


Mr. I. L. Tuckert, M.A., of Trinity College, 
Cambridge, has been appointed demonstrator 
in physiology. 

M. Micwart-Lévy has been nominated by 
the Paris Academy of Sciences for the chair 
of inorganic chemistry at the Collége de 
France, vacant by the death of M. Fouqué. M. 
Cayeux is named as the second choice of the 
academy. 


